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©  An  optical  scanning  module  has  orthogonally- 
mounted  first  and  second  circuit  boards  (416,418) 
which  carry  circuitry  that  operates  together  to  pro- 
duce  the  signals  necessary  for  operation  of  the  mod- 
ule,  and  to  process  electrical  signals  from  a  reflected 
light  detector.  In  a  preferred  embodiment,  scanning 
of  the  light  beam  is  achieved  by  reflecting  the  beam 
from  a  mirror  (159)  which  is  mounted  to  a  support 
(103)  which  itself  is  mounted  for  reciprocal  oscillation 
on  leaf  springs  (121,123).  Oscillation  is  provided  by 
the  interaction  of  a  permanent  magnet  (109)  on  the 
support  (103),  and  a  stationary  electro-magnet  (133). 
The  invention  also  encompasses  systems  for  scan- 
ning  the  beam  simultaneously  in  two  orthogonal  di- 
rections,  and  for  producing  a  moving  zig-zag  scan- 
ning  pattern. 
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Cross-Reference  to  Related  Applications 

This  application  is  a  continuation-in-part  of 
copending  application  Serial  No.  789,705  filed  on 
November  8,  1991,  which  is  a  continuation-in-part 
of  application  Serial  No.  520,464  filed  on  May  8, 
1990,  which  is  a  continuation-in-part  of  application 
Serial  No.  428,770  filed  on  October  30,  1989,  which 
issued  as  U.S.  Patent  No.  5,099,110.  Each  of  the 
above  identified  applications  is  incorporated  herein 
by  reference. 

Technical  Field 

This  invention  relates  to  optical  scanning  de- 
vices,  such  as  bar  code  scanners,  and  more  par- 
ticularly  to  improved  laser  scanning  modules  for 
use  in  applications  requiring  particularly  small 
scanners.  The  invention  also  relates  to  scanners 
adapted  for  reading  truncated  bar  codes,  e.g., 
codes  having  portions  which  are  unreadable  due  to 
damage  or  printing  defects. 

Background 

Optical  readers,  such  as  bar  code  readers,  are 
now  quite  common.  Typically,  a  bar  code  com- 
prises  a  series  of  encoded  symbols,  and  each 
symbol  consists  of  a  series  of  light  and  dark  re- 
gions,  typically  in  the  form  of  rectangles.  The 
widths  of  the  dark  regions,  the  bars,  and/or  the 
widths  of  the  light  spaces  between  the  bars  in- 
dicate  the  encoded  information. 

A  bar  code  reader  illuminates  the  code  and 
senses  light  reflected  from  the  code  to  detect  the 
widths  and  spacings  of  the  code  symbols  and 
derive  the  encoded  data.  Bar  code  reading  type 
data  input  systems  improve  the  efficiency  and  ac- 
curacy  of  data  input  for  a  wide  variety  of  applica- 
tions.  The  ease  of  data  input  in  such  systems 
facilitates  more  frequent  and  detailed  data  input,  for 
example  to  provide  efficient  inventories,  tracking  of 
work  in  progress,  etc.  To  achieve  these  advan- 
tages,  however,  users  or  employees  must  be  will- 
ing  to  consistently  use  the  bar  code  readers.  The 
readers  therefore  must  be  easy  and  convenient  to 
operate. 

A  variety  of  scanning  devices  are  known.  One 
particularly  advantageous  type  of  reader  is  an  op- 
tical  scanner  which  scans  a  beam  of  light,  such  as 
a  laser  beam,  across  the  symbols.  Laser  scanner 
systems  and  components  of  the  type  exemplified 
by  U.  S.  Patent  Nos.  4,387,297  and  4,760,248  ~ 
which  are  owned  by  the  assignee  of  the  instant 
invention  and  are  incorporated  by  reference  herein 
--  have  generally  been  designed  to  read  indicia 
having  parts  of  different  light  reflectivity,  e.g.,  bar 
code  symbols,  particularly  of  the  Universal  Product 

Code  (UPC)  type,  at  a  certain  working  range  or 
reading  distance  from  a  hand-held  or  stationary 
scanner. 

Figure  1  illustrates  an  example  of  a  prior  art 
5  bar  code  reader  unit  10  implemented  as  a  gun 

shaped  device,  having  a  pistol-grip  type  of  handle 
53.  A  lightweight  plastic  housing  55  contains  the 
laser  light  source  46,  the  detector  58,  the  optics 
and  signal  processing  circuitry  and  the  CPU  40,  as 

io  well  as  a  power  source  or  battery  62.  A  light- 
transmissive  window  56  in  the  front  end  of  the 
housing  55  allows  the  outgoing  light  beam  51  to 
exit  and  the  incoming  reflected  light  52  to  enter. 
The  user  aims  the  reader  10  at  a  bar  code  symbol 

75  70  from  a  position  in  which  the  reader  10  is  spaced 
from  the  symbol,  i.e.,  not  touching  the  symbol  or 
moving  across  the  symbol. 

As  further  depicted  in  Figure  1,  the  reader  10 
may  include  a  suitable  lens  57  (or  multiple  lens 

20  system)  to  focus  the  scanned  beam  into  a  scan- 
ning  spot  at  an  appropriate  reference  plane.  A  light 
source  46,  such  as  a  semiconductor  laser  diode, 
introduces  a  light  beam  into  the  axis  of  the  lens  57, 
and  the  beam  passes  through  a  partially-silvered 

25  mirror  47  and  other  lenses  or  beam-shaping  struc- 
tures  as  needed.  The  beam  is  reflected  from  an 
oscillating  mirror  59  which  is  coupled  to  a  scanning 
motor  60  energized  when  the  trigger  54  is  pulled. 
The  oscillation  of  the  mirror  59  causes  the  reflected 

30  beam  51  to  scan  back  and  forth  in  a  desired 
pattern. 

A  variety  of  mirror  and  motor  configurations 
can  be  used  to  move  the  beam  in  a  desired  scan- 
ning  pattern.  For  example,  U.S.  Patent  No. 

35  4,251,798  discloses  a  rotating  polygon  having  a 
planar  mirror  at  each  side,  each  mirror  tracing  a 
scan  line  across  the  symbol.  U.S.  Patent  Nos. 
4,387,297  and  4,409,470  both  employ  a  planar 
mirror  which  is  repetitively  and  reciprocally  driven 

40  in  alternate  circumferential  directions  about  a  drive 
shaft  on  which  the  mirror  is  mounted.  U.S.  Patent 
No.  4,816,660  discloses  a  multi-mirror  construction 
composed  of  a  generally  concave  mirror  portion 
and  a  generally  planar  mirror  portion.  The  multi- 

45  mirror  construction  is  repetitively  reciprocally 
driven  in  alternate  circumferential  directions  about 
a  drive  shaft  on  which  the  multi-mirror  construction 
is  mounted. 

The  light  52  reflected  back  by  the  symbol  70 
50  passes  back  through  the  window  56  for  application 

to  the  detector  58.  In  the  exemplary  reader  10 
shown  in  Figure  1  ,  the  reflected  light  reflects  off  of 
mirror  59  and  partially-silvered  mirror  47  and  im- 
pacts  on  the  light  sensitive  detector  58.  The  detec- 

55  tor  58  produces  an  analog  signal  proportional  to 
the  intensity  of  the  reflected  light  52. 

A  digitizer  circuit  mounted  on  board  61  pro- 
cesses  the  analog  signal  from  detector  58  to  pro- 
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duce  a  pulse  signal  where  the  widths  and  spacings 
between  the  pulses  correspond  to  the  widths  of  the 
bars  and  the  spacings  between  the  bars.  The 
digitizer  serves  as  an  edge  detector  or  wave  shap- 
er  circuit,  and  the  threshold  value  set  by  the 
digitizer  determines  what  points  of  the  analog  sig- 
nal  represent  bar  edges.  The  pulse  signal  from  the 
digitizer  is  applied  to  a  decoder,  typically  a  pro- 
grammed  microprocessor  40  which  will  have  asso- 
ciated  program  memory  and  random  access  data 
memory.  The  microprocessor  decoder  40  first  de- 
termines  the  pulse  widths  and  spacings  of  the 
signal  from  the  digitizer.  The  decoder  then  ana- 
lyzes  the  widths  and  spacings  to  find  and  decode  a 
legitimate  bar  code  message.  This  includes  analy- 
sis  to  recognize  legitimate  characters  and  se- 
quences,  as  defined  by  the  appropriate  code  stan- 
dard.  This  may  also  include  an  initial  recognition  of 
the  particular  standard  the  scanned  symbol  con- 
forms  to.  This  recognition  of  the  standard  is  typi- 
cally  referred  to  as  autodiscrimination. 

To  scan  a  symbol  70,  a  user  aims  the  bar  code 
reader  unit  10  and  operates  movable  trigger  switch 
54  to  activate  the  light  beam  51,  the  scanning 
motor  60  and  the  detector  circuitry.  If  the  scanning 
beam  is  visible,  the  operator  can  see  the  scan 
pattern  on  the  surface  on  which  the  symbol  ap- 
pears  and  adjust  aiming  of  the  reader  10  accord- 
ingly.  If  the  light  produced  by  the  source  46  is 
marginally  visible,  an  aiming  light  may  be  included 
in  the  optical  system.  The  aiming  light  if  needed, 
produces  a  visible-light  spot  which  may  be  fixed,  or 
scanned  just  like  the  laser  beam;  the  user  employs 
this  visible  light  to  aim  the  reader  unit  at  the 
symbol  before  pulling  the  trigger. 

The  reader  10  may  also  function  as  a  portable 
computer  terminal.  If  so,  the  bar  code  reader  10 
would  include  a  keyboard  48  and  a  display  49, 
such  as  described  in  the  previously  noted  U.S. 
Patent  No.  4,409,470. 

In  optical  scanners  of  the  type  discussed 
above,  the  laser  diode,  the  lens,  the  mirror  and  the 
means  to  oscillate  the  mirror  all  add  size  and 
weight  to  the  handheld  scanner.  The  photodetector 
and  the  associated  processing  circuitry  also  add 
size  and  weight.  In  applications  involving  protracted 
use,  a  large  heavy  handheld  unit  can  produce 
fatigue.  When  use  of  the  scanner  produces  fatigue 
or  is  in  some  other  way  inconvenient,  the  user  is 
reluctant  to  operate  the  scanner.  Any  reluctance  to 
consistently  use  the  scanner  defeats  the  data  gath- 
ering  purposes  for  which  bar  code  systems  are 
intended.  Also,  a  need  exists  for  small  scanner 
units  to  fit  into  small  compact  devices,  such  as 
notebooks. 

Thus,  an  ongoing  objective  of  bar  code  reader 
development  is  to  miniaturize  the  bar  code  reader 
as  much  as  possible,  and  a  need  still  exists  to 

further  reduce  the  size  and  weight  of  the  scan  unit 
and  to  provide  a  particularly  convenient  scanner 
system.  The  mass  of  the  moving  components 
should  be  as  low  as  possible  to  minimize  the 

5  power  required  to  produce  the  scanning  movement 
and  to  facilitate  operation  at  high  scanning  speeds. 

It  is  also  desirable  to  modularize  scanning 
components,  so  that  a  particular  module  can  be 
used  in  a  variety  of  different  scanners.  A  need 

io  exists,  however,  to  develop  a  particularly  small, 
light  weight  module  which  contains  all  necessary 
scanner  components. 

Smaller  size  scanning  components  tend  to  op- 
erate  at  higher  scanning  frequencies.  In  typical  bar 

is  code  scanning  applications,  however,  the  scanning 
frequency  of  the  moving  spot  should  be  relatively 
low,  typically  20Hz  or  less.  If  the  frequency  in- 
creases,  the  speed  of  the  spot  as  it  passes  over 
the  indicia  increases.  The  signals  produced  by  the 

20  detector  also  increase  in  frequency,  and  conse- 
quently  the  bandwidth  of  the  processing  circuitry 
for  analyzing  the  detector  signals  must  be  in- 
creased.  Also,  operation  at  higher  scanning  fre- 
quencies  generally  produces  detector  signals 

25  which  include  higher  levels  of  noise,  making  ac- 
curate  decoding  more  difficult. 

Another  series  of  problems  has  arisen  in  scan- 
ning  bar  codes  which  are  difficult  to  read.  Many  bar 
codes  are  printed  using  relatively  low  quality  print- 

30  ing  techniques  because  the  cost  of  printing  such 
codes  is  low.  The  resultant  bar  codes,  however, 
often  include  a  number  of  printing  defects.  Also, 
even  though  printed  without  defects,  bar  code  la- 
bels  often  become  worn  or  damaged  over  time  so 

35  that  substantial  portions  of  such  codes  become 
unreadable.  Existing  moving  spot  scanners  pro- 
duce  a  single  scan  line  which  remains  stationary 
over  the  portion  of  the  code  at  which  the  operator 
aims  the  scanner.  If  the  scanned  portion  of  the  bar 

40  code  contains  one  or  more  defects,  the  scanner 
typically  can  not  obtain  a  valid  reading  of  the  code. 
The  defect  may  or  may  not  be  sufficiently  evident 
so  that  an  operator  can  recognize  the  defect  and 
aim  the  scanner  at  a  portion  of  the  code  which 

45  contains  no  defects.  If  the  operator  tries  repeatedly 
to  scan  the  code,  by  chance  the  operator  may  aim 
the  scanner  at  a  section  of  the  code  free  of  defects 
and  obtain  a  valid  read  result.  The  need  to  repeat- 
edly  scan  the  code,  at  times  for  no  apparent  rea- 

50  son,  tends  to  frustrate  the  operator  and  slows  down 
data  gathering  operations  requiring  scanning  of 
large  numbers  of  codes.  Although  explained  in 
terms  of  scanning  defective  or  damaged  codes, 
similar  problems  arise  in  scanning  particularly 

55  small  codes.  Clearly,  a  need  exists  to  develop  a 
scanner  which  can  extract  valid  information  from 
small  indicia  and/or  intact  portions  of  bar  codes  or 
similar  indicia  having  optical  defects. 

3 
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Disclosure  of  the  Invention 

Objectives 

One  objective  is  to  develop  an  entirely  self- 
contained  scanning  module,  including  all  compo- 
nents  necessary  to  generate  the  light  beam,  scan 
the  beam  in  a  pattern  across  an  indicia,  detect  light 
reflected  back  by  the  indicia  and  process  signals 
representative  of  the  reflected  light.  In  this  regard, 
the  module  should  be  small,  light  weight  and  easy 
to  incorporate  into  a  variety  of  different  types  of 
optical  scanning  systems. 

Another  objective  of  this  invention  is  to  mini- 
mize  the  size  and  weight  of  the  elements  used  to 
produce  the  scanning  motion  of  the  light  beam. 

Another  related  objective  is  to  develop  an  op- 
tical  scanning  system  which  is  smaller  and  lighter 
weight,  when  held  by  an  operator,  and  which  is 
easier  to  manipulate  to  scan  encoded  data. 

A  further  objective  of  the  invention  is  to  de- 
velop  an  optical  scanner  specifically  adapted  to 
reading  coded  indicia  which  include  defects.  A 
more  specific  form  of  this  objective  is  to  develop  a 
scanner  and/or  a  method  of  scanning  which  will 
automatically  move  the  scan  line  in  a  direction 
substantially  orthogonal  to  the  scan  line  until  the 
scanner  obtains  sufficient  information  from  the  de- 
fective  indicia  to  derive  a  valid  read  result. 

Summary 

In  a  first  aspect,  the  invention  is  a  self-con- 
tained  optical  scanning  module  for  reading  optically 
encoded  indicia  having  portions  of  differing  light 
reflectivity.  The  module  has  a  metal  base  and  an 
emitter,  such  as  a  laser  diode,  fixedly  mounted  on 
the  metal  base.  In  preferred  embodiments,  the 
metal  base  encircles  the  laser  diode  and  serves  as 
a  heat  sink  for  the  diode.  An  optical  scanning 
component,  such  as  a  mirror,  directs  the  beam  of 
light  from  the  emitter  toward  the  optically  encoded 
indicia.  A  support,  attached  to  the  base,  mounts  the 
optical  component  in  such  a  manner  as  to  permit 
oscillating  movement  thereof.  A  drive  mechanism 
produces  a  reciprocal  motion  of  the  optical  compo- 
nent  on  the  support  such  that  the  beam  of  light 
scans  across  a  surface  on  which  the  indicia  ap- 
pears.  A  photodetector  receives  light  reflected  back 
from  the  surface  and  produces  electrical  signals 
corresponding  to  the  differing  light  reflectivity  of 
the  optically  encoded  indicia.  The  module  includes 
first  and  second  circuit  boards  mounted  orthogonal- 
ly  with  respect  to  each  other.  A  flexible  cable 
connects  the  circuitry  on  the  two  circuit  boards 
together  so  that  the  circuitry  produces  the  signals 
to  drive  the  emitter  and  the  signals  to  operate  the 
drive  mechanism  and  processes  the  electrical  sig- 

nals  from  the  detector.  Preferred  embodiments  of 
the  module  have  circuitry  for  driving  the  emitter 
mounted  on  the  first  circuit  board,  and  an  applica- 
tion  specific  integrated  circuit  for  producing  the 

5  signals  to  operate  the  drive  mechanism  and  for 
processing  the  electrical  signals  produced  by  the 
detector  is  mounted  on  the  second  circuit  board. 

Typically,  the  support  for  the  optical  scanning 
component  includes  a  member,  one  end  of  which 

io  supports  the  component  and  the  other  end  of 
which  supports  a  magnet.  The  member  and  the 
magnet  are  dimensioned  such  that  the  weight  of 
the  magnet  balances  the  weight  of  the  optical  scan- 
ning  component  with  respect  to  an  axis  approxi- 

15  mately  half  way  between  the  mirror  and  the  mag- 
net.  A  flexible  planar  spring  has  a  free  end  fixedly 
coupled  to  one  of  the  ends  of  the  member,  and 
typically  the  other  end  of  the  spring  connects  to 
some  fixed  point.  In  a  bi-directional  scanning  em- 

20  bodiment,  the  second  end  of  the  flexible  planar 
spring  would  be  supported  by  an  additional  flexible 
support  structure.  The  flexible  planar  spring(s)  are 
longer  than  the  distance  between  one  end  of  the 
member  and  the  axis  but  shorter  than  the  distance 

25  between  the  ends  of  the  member.  Typically,  the 
flexible  planar  spring  comprises  a  pair  of  flexible 
strips  each  consisting  of  a  sheet  formed  of  a  flexi- 
ble  plastic  material,  such  as  Mylar™  or  Kapton™. 
This  support  structure  can  be  quite  small  and  still 

30  provide  a  low  frequency  vibration  of  the  scanning 
component,  as  required  for  most  bar  code  reading 
applications. 

The  invention  also  permits  incorporation  of  a 
beam  scanning  module  into  a  stylus  of  other  type 

35  of  writing  implement.  In  this  aspect,  the  invention 
includes  a  pen  shaped  housing  having  a  tapered 
tip  at  one  end,  an  enlarged  section  at  an  end 
opposite  the  tapered  tip  and  an  elongated  body 
between  the  ends.  A  beam  scanner  module  is 

40  located  in  the  enlarged  section  of  the  pen  shaped 
housing.  This  module  emits  a  beam  of  light  and 
directs  the  beam  of  light  along  a  light  path  extend- 
ing  along  an  outer  surface  of  the  body  of  the  pen 
shaped  housing  toward  a  target  surface  on  which 

45  optically  encoded  indicia  appears.  The  stylus  also 
includes  a  writing  instrument  mounted  in  the  ta- 
pered  tip  of  the  pen  shaped  housing.  In  the  pre- 
ferred  embodiment,  this  writing  instrument  com- 
prises  electronic  stylus  element  for  providing  posi- 

50  tional  data  inputs  to  a  digitizer  tablet  upon  contact 
of  a  tip  of  the  pen  shaped  housing  to  a  surface  of 
the  digitizer  tablet.  A  photodetector  is  mounted  in 
the  pen  shaped  housing  adjacent  to  the  tapered  tip, 
for  sensing  light  reflected  from  the  optically  en- 

55  coded  indicia  and  producing  an  electrical  signal 
representative  of  variations  of  light  reflectivity  of  the 
optically  encoded  indicia.  A  manually  actuable 
switch  permits  the  operator  to  activate  beam  scan- 

4 
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ner  module  to  initiate  reading  of  the  optically  en- 
coded  indicia.  The  switch  is  mounted  on  a  side 
surface  of  the  body  of  the  pen  out  of  said  light  path 
at  a  point  near  the  tapered  tip.  Consequently,  the 
operator  can  activate  the  switch  using  the  thumb  or  5 
fore  finger  without  obstructing  the  light  path. 

In  another  aspect,  the  invention  relates  to  a 
method  and  a  system  for  producing  a  zig-zag 
scanning  pattern  which  moves  progressively  over  a 
bar  code  symbol.  The  zig-zag  pattern  will  include  10 
horizontal  lines  and  diagonal  lines.  Because  the 
scanning  frequencies  are  chosen  such  that  the 
pattern  moves,  rather  than  repeating  each  frame 
defined  by  the  vertical  scanning  interval,  the  lines 
move  across  the  indicia  until  the  system  can  obtain  is 
a  valid  reading  of  the  code.  This  allows  easy  read- 
ing  of  small  truncated  symbols.  This  approach  also 
eliminates  difficulties  in  aiming  a  one  line  type 
scanner  at  a  truncated  portion  of  a  code  which  is 
free  of  defects.  20 

To  achieve  the  desired  zig-zag  scan  pattern, 
the  scanning  system  includes  a  first  reciprocal  sup- 
port  for  mounting  an  optical  scanning  component 
for  oscillating  movement  in  a  first  direction  and  a 
second  reciprocal  support  for  mounting  the  first  25 
support  for  oscillating  movement  in  a  second  direc- 
tion.  A  first  drive  produces  reciprocal  motion  of  the 
optical  component  mounted  on  the  first  reciprocal 
support  at  a  first  oscillating  frequency.  A  second 
drive,  operating  independently  of  the  first  drive,  30 
produces  reciprocal  motion  of  the  optical  compo- 
nent  and  the  first  reciprocal  support  together  as 
mounted  on  the  second  reciprocal  support  at  a 
second  oscillating  frequency.  The  first  frequency  is 
slightly  larger  than  but  not  an  exact  multiple  of  35 
second  frequency.  Typically,  the  ratio  of  the  first 
frequency  with  respect  to  the  second  frequency  is 
greater  than  1.5  and  less  than  2.0,  and  preferably 
that  ratio  is  approximately  1.75:1. 

Additional  objects,  advantages  and  novel  fea-  40 
tures  of  the  invention  will  be  set  forth  in  part  in  the 
description  which  follows,  and  in  part  will  become 
apparent  to  those  skilled  in  the  art  upon  examina- 
tion  of  the  following  or  may  be  learned  by  practice 
of  the  invention.  The  objects  and  advantages  of  the  45 
invention  may  be  realized  and  attained  by  means 
of  the  instrumentalities  and  any  compatible  com- 
binations  particularly  pointed  out  in  the  appended 
claims  and  the  items  at  the  end  of  the  specifica- 
tion.  50 

Brief  Description  of  Drawings 

Figure  1  illustrates  a  prior  art  handheld  laser 
scanner  and  terminal  device  for  scanning  bar 
codes  and  inputting  and  displaying  data. 

Figure  2  provides  a  diagram  of  the  layout  of  a 
first  embodiment  of  the  invention  for  producing  a 

horizontal  scan  line. 
Figure  3  provides  a  diagram  of  the  layout  of  an 

embodiment  of  the  invention,  similar  to  that  of 
Figure  2,  but  with  scanning  mirror  supported  for 
motion  in  a  direction  which  will  produce  a  vertical 
scan  line. 

Figures  4  to  7  show  top,  left  side,  right  side 
and  end  views,  respectively,  of  a  first  preferred 
embodiment  of  the  scanning  module  of  the  present 
invention. 

Figure  8  is  a  detailed  sectional  view,  corre- 
sponding  to  the  circled  portion  of  Figure  7,  provid- 
ing  a  further  enlarged  illustration  of  the  mounting  of 
the  filter  and  photodetector. 

Figure  9  is  a  side  view  of  the  mirror  and 
magnet  support  structure  of  the  scanning  module 
of  Figures  4  to  7. 

Figure  10  is  a  side  view  of  a  subassembly  for 
use  in  another  embodiment  of  the  present  inven- 
tion,  without  the  fixed  support  structure  and  with 
the  electromagnet  shown  in  cross  section. 

Figures  11(A)  and  11(B)  are  top  and  side 
views,  respectively,  of  a  scanning  motor  incorporat- 
ing  the  subassembly  illustrated  in  Figures  10. 

Figures  12  and  13  are  top  and  side  views, 
respectively,  of  a  subassembly,  without  the  fixed 
support  structure,  for  use  in  a  two-dimensional 
scanner  in  accord  with  the  present  invention. 

Figure  14  depicts  a  beam  scanning  module 
incorporating  a  laser  diode  and  focusing  module 
and  the  subassembly  illustrated  in  Figures  12  and 
13. 

Figure  15  illustrates  in  cross  section  an  elec- 
tronic  stylus  incorporating  one  of  the  beam  scanner 
modules  of  the  present  invention. 

Figure  16  is  a  top  view  of  the  electronic  stylus 
and  scanner  of  Figure  15  and  illustrates  connection 
of  the  electronic  stylus  to  a  digitizer  tablet. 

Figures  17  and  18  are  top  and  side  views, 
respectively,  of  a  circuit  board  and  scanning  engine 
for  use  in  another  embodiment  of  the  present  in- 
vention  which  produces  a  high  speed  scan  in  two 
directions  so  that  lines  of  the  pattern  progress 
across  a  bar  code. 

Figures  19  to  21  are  side,  top  and  end  views, 
respectively,  of  the  spring  used  to  provide  X-direc- 
tion  scanning  motion  in  the  scanning  engine  of 
Figures  17  and  18. 

Figures  22  and  23  are  top  and  side  sectional 
views,  respectively,  of  a  hand  held  scanner  incor- 
porating  the  circuit  board  and  scanning  engine  of 
Figures  17  and  18. 

Best  Modes  for  Carrying  out  the  Invention 

As  used  in  this  specification  and  in  the  appen- 
ded  claims,  the  term  "indicia"  broadly  encom- 
passes  not  only  symbol  patterns  composed  of  al- 
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ternating  bars  and  spaces  of  various  widths  com- 
monly  referred  to  as  bar  code  symbols,  but  also 
other  one  or  two  dimensional  graphic  patterns,  as 
well  as  alphanumeric  characters.  In  general,  the 
term  "indicia"  may  apply  to  any  type  of  pattern  or 
information  which  may  be  recognized  or  identified 
by  scanning  a  light  beam  and  detecting  reflected 
or  scattered  light  as  a  representation  of  variations 
in  light  reflectivity  at  various  points  of  the  pattern  or 
information.  A  bar  code  symbol  is  one  example  of 
an  "indicia"  which  the  present  invention  can  scan. 

The  preferred  embodiments  of  the  invention 
discussed  below  will  use  a  mirror  as  the  scanning 
component  which  moves  to  produce  the  desired 
scanning  motion  of  the  beam  spot  over  the  indicia, 
however,  other  optical  components  could  be 
moved.  For  example,  the  flexible  support  structure 
could  support  a  light  emitter  (e.g.  a  laser  diode)  or 
an  objective  focusing  lens  for  reciprocal  motion. 

General  Description 

Figures  2  and  3  show  layouts  of  scanner  sys- 
tems  including  flexible  support  structures  for  pro- 
viding  reciprocal  motion  of  a  mirror,  in  accord  with 
the  present  invention.  The  illustrated  systems  are 
essentially  similar,  and  these  drawings  use  the 
same  reference  numerals  to  identify  corresponding 
components  of  each  system.  Comparison  of  the 
two  drawings,  however,  highlights  a  key  feature  of 
the  present  invention.  The  basic  flexible  support 
structure  supporting  the  scanning  mirror  can  be 
oriented  in  any  way  desired  to  provide  a  desired 
orientation  of  the  resulting  scanning  line.  As  ex- 
plained  in  more  detail  below,  the  layout  of  Figure  2 
will  produce  a  scan  line  to  the  left  of  the  drawing 
substantially  perpendicular  to  the  plane  of  the 
drawing  figure.  In  contrast,  the  system  shown  in 
Figure  3  produces  a  scan  line  to  the  left  of  the 
drawing  which  lies  substantially  in  the  plane  of  the 
drawing  figure. 

As  shown  in  Figure  2,  a  laser  diode  and  focus- 
ing  module  600  produces  a  beam  of  light.  Krich- 
ever  et  al.,  in  their  U.S.  Patent  No.  4,923,281, 
disclose  one  example  of  a  laser  diode  and  optics 
module  suitable  for  use  as  the  module  600  in  the 
present  embodiment.  Using  the  Krichever  et  al. 
implementation,  the  module  600  includes  a  visible 
laser  diode  (VLD)  633,  such  as  a  TOLD9201.138 
manufactured  by  Toshiba.  A  lens  635  focuses  the 
beam  from  the  laser  diode  633,  as  necessary,  to 
prepare  the  beam  for  transmission  to  the  mirror 
502.  The  module  has  two  telescoping  holding 
members  611  and  615,  and  a  biasing  spring  613 
positioned  between  the  laser  diode  633  and  the 
lens  635.  One  holding  member  611  is  attached  to 
the  laser  diode  633,  and  the  other  member  615 
holds  the  lens  635.  The  second  holder  615  also 

provides  an  aperture  617  for  the  light  passing 
through  the  lens  635.  Typically,  the  module  600  is 
assembled  and  focused  properly  for  a  particular 
application  prior  to  incorporation  of  the  module  into 

5  the  scanner  system. 
When  current  is  applied  to  drive  laser  diode 

633,  the  beam  from  the  diode  passes  through  the 
lens  635  and  aperture  635  and  impacts  on  a  reflec- 
tive  surface  of  a  mirror  159.  The  mirror  159  re- 

io  directs  the  beam  toward  the  target  surface  on 
which  the  coded  indicia  70  appears.  The  mirror  159 
also  serves  as  a  scanning  component  which  moves 
so  that  the  beam  spot  scans  a  line  or  pattern 
across  the  target  surface. 

is  A  support  structure  100  provides  flexible  sup- 
port  for  the  mirror  159  so  as  to  permit  the  neces- 
sary  reciprocal  motion  of  the  mirror.  In  the  embodi- 
ment  of  Figure  2,  the  mirror  support  structure  100 
includes  U-shaped  member  103.  The  member  103 

20  has  a  first  arm  105,  at  one  end,  to  which  the  mirror 
159  is  attached.  A  second  arm  107  of  the  member 
103  supports  a  first  magnet,  in  this  case  a  perma- 
nent  magnet  109.  A  straight  section  111  extends 
between  and  connects  the  first  and  second  arms 

25  together  to  form  the  U-shape  of  member  103.  Typi- 
cally,  the  member  103  is  formed  of  a  rigid  plastic 
material. 

A  pair  of  flexible  strips  121,  123  form  a  planar 
spring  connected  to  one  of  the  arms  of  the  U- 

30  shaped  member  103.  The  drawings  show  a  pair  of 
strips,  but  the  planar  spring  could  comprise  a  sin- 
gle  flexible  strip  or  more  than  two  flexible  strips.  In 
the  preferred  form,  the  flexible  strip(s)  each  com- 
prise  Mylar™  or  Kapton™  film,  but  other  flexible 

35  elements  could  be  used  such  as  a  flat  strip  of  non- 
magnetic  metal  like  a  beryllium-copper  alloy.  When 
in  the  rest  position,  the  strips  121,  123  remain  in  a 
relatively  unflexed  state  and  extend  in  a  direction 
substantially  parallel  to  the  straight  section  111  in 

40  the  space  between  the  first  arm  103  and  the  sec- 
ond  arm  107.  The  planar  spring  or  flexible  strip(s) 
are  not  as  long  as  the  straight  section  103  or  the 
distance  between  the  mirror  159  and  the  magnet 
109.  In  the  system  of  Figure  2,  the  free  ends  of  the 

45  strips  connect  to  the  first  arm  105,  but  the  strips 
could  easily  connect  to  the  second  arm  107.  The 
opposite  ends  of  the  strips  121,  123  are  held  by  a 
fixed  support  structure. 

More  specifically,  the  free  end  of  the  Mylar™  or 
50  Kapton™  material  sheets  forming  the  flexible  strips 

121,  123  are  fastened  by  suitable  fasteners  125 
(pins,  rivets,  screws,  or  the  like)  and  thereby 
clamped  between  a  plate  127  and  a  frame  member 
extending  from  the  rear  surface  of  first  arm  105 

55  (located  below  the  plate  127  and  not  substantially 
visible  in  Figure  2).  The  opposite  ends  of  the  strips 
121,  123  are  fastened  to  a  fixed  support  structure 
by  suitable  fasteners  129  and  thereby  clamped 
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between  a  plate  131  and  a  support  pedestal  ex- 
tending  upward  from  a  base  (not  shown)  on  which 
the  system  is  mounted.  The  support  pedestal  is 
located  below  the  plate  131  and  is  not  visible  in 
Figure  2. 

As  shown,  the  member  103  extends  from  a 
point  at  which  the  free  ends  of  the  planar  springs 
121,  123  are  attached  to  a  point  beyond  where  the 
opposite  ends  of  the  planar  springs  are  fixedly 
attached  to  the  support  pedestal  by  fasteners  129 
and  plate  131.  In  the  illustrated  example,  the  mirror 
159  is  adjacent  to  the  free  ends  of  the  planar 
spring  121,  123;  and  the  member  103  supports  the 
magnet  109  at  a  point  beyond  the  fixed  ends  of  the 
planar  springs  121,  123.  The  components  of  the 
support  structure  100,  the  mirror  159  and  the  mag- 
net  109  are  dimensioned  such  that  the  weight  of 
the  magnet  balances  the  weight  of  the  mirror  with 
respect  to  an  axis  A  approximately  half  way  be- 
tween  the  mirror  and  the  magnet.  The  strips  121, 
123  extend  from  the  connection  thereof  to  the  arm 
105  to  the  fixed  point  located  between  the  axis  A 
and  the  other  arm  107.  This  means  that  the  flexible 
strips  121,  123  are  longer  than  the  distance  be- 
tween  the  arm  105  and  the  axis  A,  or  longer  than 
half  the  distance  between  the  mirror  105  and  the 
magnet  109.  As  a  result,  the  strips  121,  123  func- 
tion  as  planar  leaf  spring  elements  and  flex  about 
the  pivotal  axis  A.  Vibration  of  the  U-shaped  mem- 
ber  as  supported  on  the  springs  121,  123  produces 
reciprocal  movement  of  the  mirror  159  back  and 
forth  through  an  arc  about  the  axis  A.  The  arc  is 
perpendicular  to  the  plane  of  the  drawing. 

A  second  magnet,  in  this  case  electromagnet 
133,  is  attached  to  the  base  (not  shown)  at  a 
position  in  close  proximity  to  the  permanent  mag- 
net  109.  Electrical  input  leads  carry  an  energizing 
current  or  drive  signal  to  the  coil  of  electromagnet 
133.  Together,  the  first  and  second  magnets  109, 
133  produce  the  motive  force  necessary  to  cause 
the  vibration  of  the  member  103  about  the  axis  A 
and  the  corresponding  reciprocal  motion  of  the 
mirror  159. 

The  permanent  magnet  109  is  aligned  so  that 
the  axis  between  its  north  and  south  poles  is  sub- 
stantially  perpendicular  to  the  axis  A  and  perpen- 
dicular  to  the  axis  of  the  coil  of  the  electromagnet 
133.  For  example,  the  axis  of  magnet  109  could  be 
perpendicular  to  the  plane  of  Figure  2,  and  the  axis 
of  the  coil  would  be  in  the  plane  of  the  drawing. 

When  a  current  is  introduced  through  the  coil 
of  the  electromagnet  133,  interaction  between  mag- 
netic  fields  of  the  coil  and  the  permanent  magnet 
109  creates  a  torque  causing  the  magnet  109  (with 
the  attached  second  end  of  the  member  103)  to 
move  from  an  equilibrium  position.  With  the  ar- 
rangement  illustrated  in  Figure  2,  this  interaction  of 
the  magnetic  field  of  the  coil  with  that  of  the 

permanent  magnet  creates  torque  tending  to  force 
the  axis  of  magnet  109  in  line  with  the  axis  of  coil 
133.  This  torque  causes  the  member  103  to  rotate 
about  the  axis  A  provided  by  the  planar  spring 

5  formed  by  flexible  strips  121,  123.  The  springs 
121,  123  supporting  the  first  arm  105  of  the  mem- 
ber  103  twist  or  bend  about  the  axis  A  and  produce 
a  return  force.  This  return  force  is  trying  to  bring 
the  permanent  magnet  109  back  to  the  rest  posi- 

io  tion.  Reversing  the  polarity  of  the  applied  current 
will  reverse  the  directions  of  the  magnetic  force 
and  the  opposing  return  force.  Therefore,  if  the 
current  applied  to  the  coil  of  the  electromagnet  133 
takes  the  form  of  a  cyclical  AC  signal,  such  as  a 

is  sine  wave,  a  pulse  signal,  a  triangular  wave,  etc., 
the  induced  magnetic  forces  will  produce  an  oscil- 
latory  movement  of  the  permanent  magnet  109  and 
rotational  oscillation  of  the  attached  member  103. 
The  flexible  strip(s)  twist  back  and  forth  about  the 

20  axis  A  causing  the  member  103  to  vibrate,  and  the 
mirror  159  reciprocates  through  the  arc  about  the 
axis  A.  The  arc  of  the  mirror  movement  will  pass 
back  and  forth  through  the  plane  of  drawing  Figure 
2. 

25  Instead  of  using  an  alternating  drive  current,  it 
is  possible  to  use  a  pulse  or  half-wave  signal  at  the 
same  frequency  and  in  phase  with  the  characteris- 
tic  vibration  of  the  spring.  The  spring  forces  would 
produce  an  ongoing  vibration,  and  the  magnetic 

30  forces  produced  by  the  drive  current  would  replace 
any  mechanical  energy  lost  by  the  vibration  to 
thereby  sustain  the  vibratory  spring  motion.  The 
circuitry  for  producing  this  type  of  drive  current 
may  be  easier  to  implement  than  the  circuitry  for 

35  generating  the  alternating  type  drive  signal. 
When  the  laser  diode  and  focusing  module  600 

emits  a  light  beam,  the  moving  mirror  159  reflects 
the  beam  toward  a  target  surface  on  which  an 
indicia  70  appears.  The  reciprocal  vibration  of  the 

40  mirror  159  causes  the  beam  to  scan  a  line  to  the 
left  of  the  support  structure  100  shown  in  the 
drawing.  If  Figure  2  is  a  side  view  and  the  support 
structure  100  is  oriented  as  shown,  the  resultant 
scan  line  would  be  horizontal  and  would  scan  an 

45  indicia  70  having  vertical  bars.  The  light  reflected 
back  by  the  indicia  passes  back  through  an  am- 
bient  light  blocking  optical  filter  156  for  application 
to  the  detector  158.  The  detector  158,  typically  a 
photodiode,  produces  an  analog  signal  proportional 

50  to  the  intensity  of  the  reflected  light  which  is  pro- 
cessed,  digitized  and  decoded  in  the  usual  manner. 

Figure  3  shows  a  scanning  system  similar  to 
that  of  Figure  2,  but  with  a  different  orientation  of 
the  planar  spring  members  to  provide  scanning  in 

55  a  different  direction.  Again,  a  laser  diode  and  fo- 
cusing  module  600  produces  the  beam  of  light 
when  current  is  applied  to  drive  the  laser  diode 
633.  The  mirror  159  redirects  the  beam  toward  the 

7 



13 EP  0  590  537  A2 14 

target  surface  and  moves  to  provide  the  motion  of 
the  beam  spot  in  a  line  or  pattern  across  the  target 
surface. 

A  support  structure  200  provides  flexible  sup- 
port  for  the  mirror  159  so  as  to  permit  the  neces- 
sary  reciprocal  motion  of  the  mirror  about  an  axis 
A'  which  is  perpendicular  to  the  plane  of  the  draw- 
ing.  In  the  embodiment  of  Figure  2,  the  mirror 
support  structure  200  includes  U-shaped  member 
103  identical  to  that  used  in  the  embodiment  of 
Figure  2. 

The  free  ends  of  the  pair  of  flexible  strips  121, 
123  which  form  the  planar  spring  are  clamped 
between  a  plate  127  and  a  frame  member  126 
extending  from  the  rear  surface  of  first  arm  105  by 
suitable  fasteners  (not  visible  in  Figure  3).  A  pedes- 
tal  135  is  attached  to  a  circuit  board  or  metal  sheet 
which  forms  a  base  for  the  system.  The  pedestal 
135  has  a  stationary  arm  137  which  extends  to  a 
point  within  the  U  of  the  member  103  at  a  point 
between  the  axis  A'  and  one  of  the  arms,  in  this 
case  between  the  axis  and  the  second  arm  107.  In 
this  embodiment,  the  opposite  ends  of  the  strips 
121,  123  are  clamped  between  an  enlarged  end  of 
the  stationary  arm  137  and  the  plate  131  by  suit- 
able  fasteners  (not  shown). 

The  components  of  the  support  structure  100, 
the  mirror  159  and  the  magnet  109  are  dimen- 
sioned  such  that  the  weight  of  the  magnet  balances 
the  weight  of  the  mirror  with  respect  to  an  axis  A' 
approximately  half  way  between  the  mirror  and  the 
magnet  in  essentially  the  same  manner  as  in  the 
previous  embodiment.  As  a  result,  the  strips  121, 
123  function  as  a  planar  leaf  spring  and  flex  about 
the  perpendicular  pivotal  axis  A'. 

The  first  and  second  magnets  109  and  133 
function  essentially  as  they  did  in  the  embodiment 
of  Figure  2.  Because  of  the  orientation  of  the 
support  structure  200  shown  in  Figure  3,  however, 
the  magnet  now  has  the  axis  between  its  north  and 
south  poles  aligned  in  the  plane  of  the  drawing. 
When  the  alternating  current  is  introduced  through 
the  coil  of  the  electromagnet  133,  interaction  be- 
tween  magnetic  fields  of  the  coil  and  the  perma- 
nent  magnet  109  produce  an  oscillatory  movement 
of  the  permanent  magnet  109  and  rotational  oscilla- 
tion  of  the  attached  member  103.  The  flexible  strip- 
(s)  twist  back  and  forth  about  the  axis  A'  causing 
the  member  103  to  vibrate,  and  the  mirror  159 
reciprocates  through  the  arc  about  the  axis  A'.  The 
arc  of  mirror  movement  lies  in  the  plane  of  drawing 
Figure  3. 

When  the  laser  diode  and  focusing  module  600 
emits  a  light  beam,  the  moving  mirror  159  reflects 
the  beam  toward  a  target  surface  on  which  an 
indicia  70'  appears.  The  reciprocal  vibration  of  the 
mirror  159  causes  the  beam  to  scan  a  line  to  the 
left  of  the  support  structure  100  shown  in  the 

drawing.  If  Figure  3  is  a  side  view  and  the  support 
structure  200  is  oriented  as  shown,  the  resultant 
scan  line  would  be  vertical  and  would  scan  an 
indicia  70'  having  horizontal  bars.  The  light  re- 

5  fleeted  back  by  the  indicia  passes  back  through  an 
ambient  light  blocking  optical  filter  156  for  applica- 
tion  to  the  detector  158.  The  detector  158  pro- 
duces  an  analog  signal  proportional  to  the  intensity 
of  the  reflected  light  which  is  processed,  digitized 

io  and  decoded  in  the  usual  manner. 
As  demonstrated  by  the  two  different  layouts  of 

the  scanner  support  structure  discussed  above, 
one  advantage  of  the  inventive  scanning  compo- 
nent  support  structure  is  that  it  can  be  oriented  in  a 

is  variety  of  different  ways  to  produce  scanning  in 
different  directions.  For  example,  if  the  system  of 
Figure  2  is  incorporated  into  a  handheld  scanner  of 
the  type  shown  in  Figure  1  ,  the  resultant  scan  line 
would  scan  horizontally  across  the  bar  code  indicia 

20  70.  In  contrast,  if  the  system  of  Figure  3  were 
incorporated  into  a  handheld  scanner  of  the  type 
shown  in  Figure  1,  the  resultant  scan  line  would 
scan  vertically.  Such  a  scan  would  permit  reading 
of  a  code  70'  oriented  so  that  the  bars  are  horizon- 

25  tal. 
The  flexible  support  structure  100  or  200  in  the 

above  discussed  embodiments  provides  a  scan- 
ning  component  structure  which  can  be  quite  small 
but  can  still  operate  at  the  low  scanning  frequen- 

30  cies  preferred  for  bar  code  scanning,  typically 
20Hz  or  less.  The  location  of  the  mirror  and  mag- 
nets  at  opposite  ends  of  the  member  103  positions 
the  weight  thereof  relatively  far  from  the  axis.  Con- 
sequently,  the  moving  components  exhibit  a  high 

35  moment  of  inertia.  Also,  the  mass  of  the  moving 
components  is  fairly  large;  and  the  preferred  ma- 
terials  of  the  spring  strips  121,  123  (i.e.,  Mylar™ 
and  Kapton™)  tend  to  be  quite  flexible.  As  a  con- 
sequence  of  the  high  mass,  high  inertia  and  spring 

40  flexibility,  the  system  has  a  relatively  low  char- 
acteristic  frequency  of  vibration. 

The  balancing  of  the  weight  of  the  mirror  and 
the  weight  of  the  first  magnet  with  respect  to  the 
pivot  axis  provides  a  precise  scan  motion  without 

45  vibrations  in  any  unwanted  directions.  If  the  compo- 
nents  supported  by  the  springs  were  not  balanced, 
when  the  operator  held  the  scanner  so  that  the 
orientation  of  the  axis  was  not  precisely  vertical, 
the  weight  of  the  effect  of  gravity  of  the  compo- 

50  nents  would  move  them  out  of  position.  As  a  result, 
the  mirror  would  not  be  properly  aligned  with  the 
fixed  components,  such  as  the  laser  diode  and  the 
window  through  which  the  beam  exits  the  housing. 
The  balancing  of  the  moving  parts  also  improves 

55  the  efficiency  of  performance  of  the  scanner. 
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Modular  Preferred  Embodiment 

Figures  4  to  9  show  the  construction  of  a  small 
sized,  self-contained,  scanning  module  400.  The 
module  400  is  substantially  rectangular  and  in  one 
example  was  made  as  small  as  1.35"  x  .95"  x  .69". 

The  module  includes  a  metal  base  410,  typi- 
cally  formed  of  Aluminum.  A  circular  housing  412 
contains  a  laser  diode  and  focusing  module  600', 
similar  to  the  diode  and  focusing  module  600  dis- 
cussed  above  (see  Figures  4  and  6).  Figure  7  is  an 
end  view  of  the  scanning  module  400  with  the  first 
circuit  board  and  the  laser  diode  and  focusing 
module  600'  removed.  As  shown  in  that  drawing, 
the  circular  housing  412  is  integrally  formed  as  a 
section  of  the  metal  base  410.  The  circular  housing 
412  serves  as  the  laser  diode  holder  of  a  laser 
diode  and  focusing  module  600'.  In  this  embodi- 
ment,  the  laser  diode  is  press  fit  into  the  circular 
opening  of  the  housing  412,  from  the  end  which 
appears  as  the  lower  end  in  Figures  4  and  6.  A 
second  member,  holding  the  lens,  telescopes  into 
the  circular  housing  412  from  the  opposite  end. 
During  focusing,  the  second  holder  and  lens  are 
moved  into  the  circular  housing  against  the  force  of 
a  biasing  spring  positioned  between  the  laser  diode 
and  the  lens.  When  proper  focusing  is  achieved, 
the  lens  holder  is  fixed  in  position  with  respect  to 
the  laser  diode  and  the  circular  housing  412,  for 
example  by  injecting  a  glue.  Because  of  the  tight  fit 
of  the  housing  412  about  the  laser  diode  and 
focusing  module  600',  the  housing  412  and  base 
410  serve  as  a  heat  sink  to  dissipate  heat  gen- 
erated  by  the  laser  diode  during  scanning  oper- 
ations. 

Figures  5  and  6  show  that  the  module  400 
includes  two  circuit  boards  positioned  at  right  an- 
gles  to  each  other.  A  first  circuit  board  416,  moun- 
ted  orthogonal  to  the  metal  base  410  at  one  end 
thereof,  supports  part  of  the  circuitry  used  by  the 
scanner.  Typically,  the  first  circuit  board  416  sup- 
ports  the  circuitry  for  producing  the  current  to  drive 
the  laser  diode  contained  in  the  diode  and  focusing 
module  600'. 

A  second  circuit  board  418  is  mounted  or- 
thogonal  to  the  first  circuit  board  and  parallel  to  the 
metal  base  410.  Assuming  that  the  flat  major  sur- 
face  of  the  base  410  is  the  bottom  of  the  module 
400,  the  second  circuit  board  would  form  the  top  of 
the  module  400.  A  flexible  electrical  cable  417 
connects  the  circuitry  on  the  first  and  second  cir- 
cuit  boards  together.  The  second  circuit  board  418 
supports  the  remainder  of  the  necessary  circuitry. 
Of  particular  note,  the  board  418  supports  an  ap- 
plication  specific  integrated  circuit  419  which  in- 
cludes  the  analog  processing  circuitry,  digitizer  and 
may  include  microprocessor  based  decoder. 

Figure  4  is  a  top  view  of  the  module  400,  taken 
as  if  the  second  circuit  board  were  omitted,  to 
provide  an  illustration  of  the  interior  of  the  module. 
As  shown,  a  support  structure  300  provides  flexible 

5  support  for  the  mirror  359  so  as  to  permit  the 
necessary  reciprocal  motion  of  the  mirror.  The  sup- 
port  structure  300  is  essentially  similar  to  the  struc- 
tures  of  the  earlier  embodiments. 

As  shown  in  Figure  9,  the  mirror  support  struc- 
io  ture  300  includes  U-shaped  member  303  having  a 

first  arm  305  to  which  the  mirror  359  is  attached.  A 
second  arm  307  of  the  member  303  supports  the 
permanent  magnet  309  and  a  straight  section  311 
extends  between  and  connects  the  first  and  second 

is  arms  together  to  form  the  U-shape  of  member  303. 
A  pair  of  flexible  strips  321  ,  323  connect  to  one 

of  the  arms  of  the  U-shaped  member  303  and 
serve  as  the  planar  spring.  Again,  these  spring 
strips  comprise  a  flat  sheet  of  a  flexible  plastic 

20  material  such  as  Mylar™  or  Kapton™  film,  or  other 
flexible  elements  such  as  a  flat  strip  of  non-mag- 
netic  metal  like  a  beryllium-copper  alloy.  When  the 
arm  303  is  in  its  rest  position  (Figure  4),  the  strips 
321,  323  remain  in  a  relatively  unflexed  state  and 

25  extend  in  a  direction  substantially  parallel  to  the 
straight  section  31  1  in  the  space  between  the  first 
arm  303  and  the  second  arm  307  as  shown  in 
Figure  9.  The  free  ends  of  the  strips  321,  323 
connect  to  the  first  arm  305,  and  the  opposite  ends 

30  of  the  strips  321  ,  323  are  held  by  a  fixed  support 
structure. 

More  specifically,  the  free  end  of  the  Mylar™  or 
Kapton™  material  sheets  forming  the  flexible  strips 
321,  323  are  fastened  by  suitable  fasteners  325 

35  and  thereby  clamped  between  a  plate  327  and  a 
frame  member  326  extending  from  the  rear  surface 
of  first  arm  305  and  a  portion  of  the  lower  surface 
of  the  straight  section  311.  The  opposite  ends  of 
the  strips  321  ,  323  are  fastened  to  a  fixed  support 

40  structure  by  suitable  fasteners  329  which  clamp  the 
strips  between  a  plate  331  (Figure  9)  and  an  en- 
larged  portion  of  a  stationary  arm  337  extending 
out  from  the  support  pedestal  335  (Figure  4).  The 
support  pedestal  335  is  mounted  on  the  flat  section 

45  of  the  metal  base  410. 
The  components  of  the  support  structure  300, 

the  mirror  359  and  the  magnet  309  are  dimen- 
sioned  such  that  the  weight  of  the  magnet  balances 
the  weight  of  the  mirror  with  respect  to  an  axis  A" 

50  approximately  half  way  between  the  mirror  and  the 
magnet  exactly  as  discussed  above  regarding  the 
earlier  embodiments.  As  a  result,  the  strips  321, 
323  function  as  planar  leaf  spring  elements  and 
flex  about  that  pivotal  axis.  The  pivot  axis  A"  would 

55  extend  perpendicular  to  the  flat  lower  portion  of  the 
base  410  (or  vertical  in  Figure  9). 

An  electromagnet  333  is  attached  to  the  lower 
surface  of  the  second  circuit  board  418  by  a  brack- 

9 
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et  334  (Figure  5).  Mounting  of  the  second  circuit 
board  418  on  the  top  of  the  module  400  positions 
the  attached  coil  333  in  close  proximity  to  the 
permanent  magnet  309,  as  shown  in  Figure  4.  The 
axis  between  the  north  and  south  poles  of  the 
permanent  magnet  309  is  aligned  in  the  plane  of 
drawing  Figure  4,  i.e.  parallel  to  the  flat  lower 
portion  of  the  metal  base  410.  When  the  alternating 
current  is  introduced  through  the  coil  of  the  elec- 
tromagnet  333,  interaction  between  magnetic  fields 
of  the  coil  and  the  permanent  magnet  309  produce 
an  oscillatory  movement  of  the  permanent  magnet 
309  and  a  rotational  oscillation  of  the  attached 
member  303  against  the  return  forces  produced  by 
the  flat  planar  spring  strips  321,  323.  The  flexible 
strips  321  ,  323  twist  back  and  forth  about  the  axis 
A"  causing  the  member  303  to  vibrate,  and  the 
mirror  359  reciprocates  through  the  arc  about  the 
axis  A". 

When  the  laser  diode  and  focusing  module 
600'  emits  a  light  beam,  the  moving  mirror  359 
reflects  the  beam  toward  a  target  surface  on  which 
an  indicia  appears.  When  viewed  from  above,  as  in 
Figure  4,  the  mirror  359  reflects  the  light  beam  to 
the  right  of  the  module  400.  The  beam  emerges 
through  an  opening  461  formed  in  the  right  side  of 
the  module  (Figure  6).  Specifically,  the  opening 
461  is  formed  between  a  support  pedestal  463 
formed  on  the  metal  base  410  and  the  circular 
housing  412  which  contains  the  laser  diode  and 
focusing  module  600'.  The  reciprocal  vibration  of 
the  mirror  359,  during  emission  of  the  beam  from 
the  laser  diode  and  focusing  module  600',  causes 
the  beam  to  scan  a  line  to  the  right  of  the  module 
400  shown  in  Figure  4. 

If  module  400  is  horizontally  mounted  in  a 
scanner  (as  if  Figure  4  is  a  top  view)  the  resultant 
scan  line  would  be  horizontal  and  would  scan  an 
indicia  having  vertical  bars.  In  contrast,  if  the  mod- 
ule  400  is  mounted  vertically  in  a  scanner  (as  if 
Figure  4  were  a  side  view)  the  resultant  scan  line 
would  be  vertical  and  would  scan  an  indicia  having 
horizontal  bars. 

The  light  reflected  back  by  the  indicia  passes 
back  through  an  ambient  light  blocking  optical  filter 
356  for  application  to  the  detector  358  (Figure  8). 
The  detector  358  is  a  linear  array  of  photodiodes  or 
one  long  photodiode  indicated  diagrammatically  by 
the  dotted  line  rectangle  in  Figure  6.  The  filter  356 
blocks  most  light  wavelengths  but  passes  light  of  a 
wavelength  corresponding  to  the  wavelength  of  the 
light  beam  emitted  by  the  laser  diode.  As  shown  in 
Figure  6,  the  filter  356  and  the  detector  358  extend 
above  the  opening  461.  As  such,  the  detector  358 
and  the  filter  356  are  orthogonal  to  both  circuit 
boards  416,  418  and  orthogonal  to  the  flat  major 
surface  at  the  bottom  of  the  metal  base  410. 

Figure  8  provides  an  enlarged  detailed  illustra- 
tion  of  the  structure  for  supporting  the  filter  356 
and  the  detector  358  corresponding  to  the  circled 
portion  of  Figure  7.  As  shown,  a  holder  361  sup- 

5  ports  the  filter  356,  and  the  detector  358  is  at- 
tached  to  a  back  board  363  by  glue  or  the  like. 
When  so  assembled,  the  detector  358  projects  into 
an  opening  through  the  holder  361  at  a  position 
behind  the  filter  356.  The  lower  portion  of  the 

io  holder  361  includes  an  edge  extension  365  which 
fits  into  a  groove  367  formed  in  the  side  of  the 
circular  housing  412.  The  opposite  end  of  the  hold- 
er  includes  a  similar  edge  extension  which  fits  into 
a  groove  formed  in  the  support  pedestal  463. 

is  Once  the  holder  361  and  board  363  are  assem- 
bled  and  the  lower  edge  extensions  are  positioned 
in  the  grooves  in  the  circular  housing  412  and  the 
support  pedestal  463,  the  circuit  board  is  secured 
on  the  vertical  extension  410'  of  the  metal  base. 

20  The  upper  end  of  the  back  board  363  includes 
three  pins  369  which  protrude  through  correspond- 
ing  openings  in  the  second  circuit  board  418.  Thus, 
the  second  circuit  board  418  clamps  the  assembly 
formed  by  board  363  and  holder  361  into  position 

25  along  the  upper  right  side  of  the  module  400  (see 
Figures  6  to  8). 

The  detector  358  produces  an  analog  signal 
proportional  to  the  intensity  of  the  reflected  light 
which  is  processed,  digitized  and  may  be  decoded 

30  by  the  application  specific  integrated  circuit  419. 
Electrical  leads  for  carrying  signals  from  the  diodes 
of  the  detector  array  358  to  the  application  specific 
integrated  circuit  419  run  along  the  back  board 
363,  the  pins  369  and  the  second  circuit  board  418. 

35  In  this  embodiment,  the  U-shaped  member  303 
also  has  a  pin  312  extending  upward  from  the 
straight  section  31  1  (Figures  4  and  9).  The  pedes- 
tal  335  has  a  cap  plate  315  attached  at  the  top  of 
the  pedestal.  The  cap  plate  315  extends  over  the 

40  U-shaped  member  303  such  that  the  pin  312  is 
located  in  an  opening  313  formed  in  the  cap  plate 
315.  The  opening  313  is  somewhat  larger  than  the 
pin  312.  As  a  result,  the  inner  surface  of  the 
opening  does  not  engage  the  pin  312,  and  the  pin 

45  and  opening  do  not  act  as  a  pivot  point  during 
normal  scanning  operations.  The  opening  313 
does,  however,  serve  to  limit  lateral  motion  of  the 
pin  312  and  the  attached  arm  303.  Together  the 
pin  and  opening  serve  as  a  stop  to  limit  displace- 

so  ment  of  the  scanning  component.  As  a  result,  if  the 
scanning  module  400  is  dropped  or  otherwise  sub- 
jected  to  a  shock,  the  weight  of  the  mirror  and 
magnet  can  not  force  the  springs  321  to  bend  to 
such  an  extreme  degree  in  any  lateral  direction  as 

55  to  cause  permanent  deformation  or  other  damage 
to  those  springs. 

The  small  size  of  the  flexible  support  structure 
300  provided  in  the  scanning  module  does  not 

10 
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prevent  operation  at  low  scanning  frequencies. 
Again,  the  location  of  the  mirror  and  magnet  at 
opposite  ends  of  the  member  303  positions  the 
weight  thereof  relatively  far  from  the  axis  thereby 
providing  a  high  moment  of  inertia.  Also,  the  mass 
of  the  moving  components  is  fairly  large;  and  the 
preferred  materials  of  the  springs  321  ,  323  tend  to 
be  quite  flexible.  The  high  mass,  high  inertia  and 
spring  flexibility,  cause  the  flexible  support  struc- 
ture  to  exhibit  a  relatively  low  characteristic  fre- 
quency  of  vibration.  Thus  the  small  self-contained 
scanning  module  400  operates  at  the  low  scanning 
frequencies  preferred  for  bar  code  scanning,  such 
as  20Hz  or  less.  Also,  the  module  400  incorporates 
the  balancing  of  the  weight  of  the  mirror  and  the 
weight  of  the  first  magnet  which  reduces  or  elimi- 
nates  undesirable  vibrations  which  might  disrupt 
the  scanning  motion  and  minimizes  the  amount  of 
power  which  must  be  applied  to  initiate  motion  of 
the  scanning  component,  making  the  scanner  more 
efficient. 

Alternate  Embodiment  of  Flexible  Support 
Structure 

Figures  10,  11(A)  and  11(B)  depict  a  modified 
form  of  the  flexible  support  structure  which  further 
reduces  the  size  of  the  scanner  by  placement  of 
the  electromagnet  733  at  a  position  between  the 
positions  of  the  permanent  magnet  709  and  the 
mirror  759.  Figure  10  provides  a  side  view  of  this 
embodiment,  with  the  coil  shown  in  cross  section 
and  without  the  structure  for  supporting  the  free 
ends  of  the  flexible  strips  and  the  coil.  Figures  11- 
(A)  and  1  1  (B)  are  top  and  side  views,  respectively, 
showing  the  subassembly  of  Figure  10  mounted  on 
an  appropriate  stationary  support  structure. 

In  this  latest  embodiment,  a  flexible  support 
structure  700  includes  a  T-shaped  member  703 
(see  Figure  11(A)).  The  member  703  includes  a 
straight  section  711,  and  a  cross  bar  element  707 
at  a  first  end  of  the  straight  section  71  1  .  When  the 
flexible  strips  721,  723  are  unflexed,  so  that  the 
mirror  759  is  at  its  rest  position,  the  straight  section 
71  1  lies  along  the  axis  of  the  opening  through  the 
bobbin  of  electromagnet  733  (Figure  10  or  11(B)). 

As  shown  in  Figures  10  and  11(A),  the  second 
end  707  of  the  straight  section  711  projects 
through  the  permanent  magnet  709.  The  magnet 
709  press  fits  onto  the  second  end  707  of  the 
straight  section  711  or  is  glued  or  otherwise  at- 
tached  to  the  second  end  of  the  straight  section 
711  for  movement  therewith. 

The  cross  bar  element  707  carries  the  mirror 
759.  Specifically,  the  cross  bar  element  707  curves 
vertically  to  form  a  first  flexible  strip  retainer  (Fig- 
ure  10).  The  opposite  lateral  ends  727  of  the  cross 
bar  element  707  extend  back  (Figure  11(A))  and 

curve  upward  (Figure  10).  The  support  structure 
700  also  includes  a  second  flexible  strip  retainer 
728.  The  opposite  ends  726  of  the  second  flexible 
strip  retainer  728  extend  back  in  a  manner  similar 

5  to  the  ends  of  the  cross  bar  element  707  shown  in 
Figure  1  1  (A).  The  opposite  ends  726  of  the  second 
flexible  strip  retainer  728  also  curve  downward  as 
shown  in  Figure  10. 

A  pair  of  spring  clips  712  encircle  the  mirror 
io  759,  the  first  retainer  clip  of  crossbar  707  and  the 

second  flexible  strip  retainer  clip  728  to  form  an 
assembly  as  shown  in  Figure  10.  The  cross  bar 
element  707,  the  second  flexible  strip  retainer  728 
and  the  spring  clips  712  all  consist  of  a  non- 

75  magnetic  metal  such  as  a  beryllium-copper  alloy. 
The  spring  clips  together  with  the  two  retainers 
fasten  the  mirror  to  the  cross  bar  of  the  T-shaped 
member  703. 

Also,  the  free  ends  of  the  flexible  strips  springs 
20  721,  723  are  clamped  between  the  curved  ends 

727  of  the  cross  bar  element  707  and  the  cor- 
responding  curved  ends  726  of  the  second  retainer 
728  by  the  compressive  force  provided  by  the 
spring  clips  712  (see  Figure  10).  The  opposite 

25  ends  of  the  strips  721  ,  723  serve  as  fixed  ends  and 
are  fastened  to  a  fixed  support  structure  by  suit- 
able  fasteners  729  shown  as  Phillips  head  screws. 
The  fasteners  729  clamp  the  fixed  end  of  each  of 
the  flexible  spring  strips  721,  723  between  one  of 

30  the  plates  731  and  a  support  pedestal  735  extend- 
ing  upward  from  a  base  (shown  as  a  solid  line  at 
the  bottom  of  Figure  1  1  (B))  on  which  the  system  is 
mounted. 

Again,  the  components  are  dimensioned  such 
35  that  the  weight  of  the  magnet  709  balances  the 

weight  of  the  759  mirror  with  respect  to  an  axis 
approximately  half  way  between  the  mirror  and  the 
magnet.  As  a  result,  the  strips  721  ,  723  function  as 
planar  leaf  spring  elements  and  flex  about  that  axis. 

40  Vibration  of  the  T-shaped  member  703  on  the 
spring  strips  721,  723  produces  reciprocal  move- 
ment  of  the  mirror  759  up  and  down  through  an  arc 
about  the  axis.  The  arc  would  lie  in  the  plane  of 
drawing  Figure  11(B). 

45  Figure  1  1  (A)  shows  that  the  electromagnet  733 
is  essentially  concentric  about  the  straight  section 
711  of  member  703,  and  the  planar  spring  strips 
721  ,  723  pass  on  either  side  of  the  electromagnet 
733.  The  electromagnet  733  may  be  attached  to  a 

50  surface  of  one  or  both  of  the  pedestals  735,  or  the 
electromagnet  733  may  be  attached  to  the  base. 

The  first  and  second  magnets  709  and  733 
function  essentially  as  did  the  first  and  second 
magnets  in  the  embodiment  of  Figure  3.  The  per- 

55  manent  magnet  709  has  the  axis  between  its  north 
and  south  poles  aligned  vertically,  e.g.  in  the  plane 
of  drawing  Figure  11(B).  When  the  alternating  cur- 
rent  is  introduced  through  the  coil  of  the  elec- 

11 
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tromagnet  733,  interaction  between  magnetic  fields 
of  the  coil  and  the  permanent  magnet  709  produce 
an  oscillatory  movement  of  the  permanent  magnet 
709  and  rotational  oscillation  of  the  attached  mem- 
ber  703.  The  flexible  strips  twist  back  and  forth 
about  the  balance  axis  between  the  mirror  and 
magnet  causing  the  member  703  to  vibrate,  and 
the  mirror  759  reciprocates  through  the  arc  about 
the  axis. 

A  laser  diode,  such  as  shown  in  the  earlier 
embodiments,  emits  a  light  beam  towards  the  mov- 
ing  mirror  759.  Mirror  759  reflects  the  beam  toward 
a  target  surface  on  which  an  indicia  appears.  The 
reciprocal  vibration  of  the  mirror  759  causes  the 
beam  to  scan  a  line  to  the  left  of  the  support 
structure  700  shown  in  the  Figure  11(B).  If  the 
support  structure  700  is  oriented  as  shown  in  the 
side  view  of  Figure  11(B),  the  resultant  scan  line 
would  be  vertical.  If  the  support  structure  is  turned 
90°  (as  if  Figure  11(B)  were  a  top  view),  the 
resultant  scan  line  would  be  horizontal.  The  light 
reflected  back  by  the  indicia  would  be  detected 
and  the  detector  signals  processed,  digitized  and 
decoded  in  the  usual  manner. 

The  radius  of  curvature  of  each  of  the  curved 
ends  727  and  726  of  the  cross  bar  element  and  the 
second  retainer  is  the  same  as  the  radius  of  cur- 
vature  of  lower  surface  of  plates  731  and  the  upper 
surface  of  the  support  pedestals  735.  If  the  scanner 
receives  a  vertical  shock,  such  as  caused  by  drop- 
ping  the  scanner,  the  weight  of  the  components 
supported  by  the  planar  spring  strips  721  ,  723  will 
exert  a  strong  downward  force  causing  these 
springs  to  deform  around  one  or  more  of  these 
curved  surfaces.  The  radii  of  the  curves  of  these 
components  therefore  limit  the  curvature  of  such 
spring  strips  721,  723  which  might  result  if  the 
operator  accidentally  drops  the  scanner.  For  any 
planar  spring  of  a  given  material  and  thickness,  a 
minimum  radius  of  curvature  exists  beyond  which 
the  spring  can  not  bend  without  damaging  the 
spring.  Thus,  if  the  planar  springs  721,  723  were  to 
bend  into  a  curved  shape  of  a  radius  less  than  the 
minimum  radius  of  the  spring  material,  the  spring 
material  thereof  would  be  permanently  deformed. 
To  prevent  such  damage,  the  radii  of  the  curved 
ends  727  and  726  and  the  radius  of  curvature  of 
lower  surface  of  plates  731  and  the  upper  surface 
of  the  support  pedestals  735  all  are  greater  than 
the  minimum  radius  for  the  Mylar™  or  Kapton™ 
type  planar  springs  721,  723.  Although  not  dis- 
cussed  specifically  above,  the  earlier  embodiments 
may  include  similarly  curved  surfaces  formed  at 
appropriate  locations  on  the  various  clamping 
plates  and  support  arms  or  pedestals. 

Two-Dlmenslonal  Scanning 

Figures  12  to  14  illustrate  a  modification  of  the 
flexible  support  structure  to  provide  beam  spot 

5  scanning  in  two  directions  which  are  substantially 
orthogonal  to  each  other.  A  number  of  different 
scanning  applications  call  for  scanning  in  two  dif- 
ferent  directions.  One  such  application  provides  a 
scan  pattern  which  moves  across  a  bar  code  type 

io  indicia  to  find  portions  thereof  which  are  sufficiently 
intact  to  permit  an  accurate  reading  of  the  code. 
This  bi-directional  scanning  application  will  be  dis- 
cussed  in  more  detail  below  with  regard  to  the 
embodiment  of  Figures  17  to  23.  Other  bi-direc- 

15  tional  scanning  applications  relate  to  scanning  of 
indicia  encoded  in  two  different  dimensions.  The 
embodiment  of  Figures  13  to  15  generally  will  be 
discussed  with  regard  to  this  later  type  of  scanning 
application. 

20  A  two-dimensional  bar  code  comprises  a  series 
of  rows  or  lines  of  optically  encoded  information.  If 
the  rows  are  oriented  in  the  X-direction  (horizontal), 
the  rows  are  located  one  above  another  in  the  Y- 
direction  (vertical).  Each  row  or  line  of  information 

25  comprises  a  series  of  encoded  symbols,  and  each 
symbol  consists  of  a  series  of  light  and  dark  re- 
gions,  typically  in  the  form  of  rectangles.  The 
widths  of  the  dark  regions,  the  bars,  and/or  the 
widths  of  the  light  spaces  between  the  bars  in- 

30  dicate  the  encoded  information  on  each  row  or  line. 
Two-dimensional  bar  codes  can  carry  considerably 
more  encoded  information  than  the  common  one- 
dimensional  codes. 

To  read  a  two-dimensional  indicia,  it  is  desir- 
35  able  to  scan  the  indicia  with  a  raster  or  similar  type 

of  scan  pattern.  In  such  a  scan  pattern,  a  fairly 
large  number  of  substantially  horizontal  and  sub- 
stantially  parallel  scan  lines  traverse  the  indicia 
from  an  upper  horizontal  scan  line,  proceeding 

40  downwardly  with  a  multiplicity  of  intermediate  hori- 
zontal  scan  lines  to  a  lower  horizontal  scan  line  to 
uniformly  cover  a  desired  scan  area  encompassing 
the  indicia.  In  order  to  obtain  such  a  raster-type 
scan  pattern,  the  scanning  component  must  be 

45  supported  for  reciprocal  motion  in  two  different 
directions.  Also,  the  frequency  of  oscillation  in  a 
first  direction  producing  the  X-direction  spot  scan- 
ning  motion  typically  is  considerably  higher  than 
the  frequency  of  oscillation  in  a  second  direction 

50  producing  the  Y-direction  spot  scanning  motion. 
The  sub-assembly  800  shown  in  Figures  10 

and  11  includes  the  U-shaped  member  103  sup- 
porting  mirror  159  and  permanent  magnet  109.  The 
free  first  ends  of  the  flexible  strips  121,  123,  are 

55  attached  to  the  arm  which  supports  the  mirror  159 
by  fasteners  125,  the  plate  127  and  a  frame  mem- 
ber.  These  elements  all  are  identical  to  the  cor- 
respondingly  numbered  elements  in  the  embodi- 
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ment  shown  in  Figure  2.  Recall  that  the  embodi- 
ment  of  Figure  2  included  a  fixed  structure  support- 
ing  the  opposite  ends  of  the  flexible  strips  121, 
123.  In  contrast,  in  the  two-dimensional  scanner  of 
Figures  12-14  the  opposite  ends  of  the  flexible 
strips  121,  123  are  flexibly  supported  to  permit 
motion  of  the  strips  and  the  U-shaped  arm  103 
supported  thereby  in  a  second  direction. 

More  specifically,  in  this  embodiment,  the  sec- 
ond  ends  of  the  flexible  strips  121,  123  are  fas- 
tened  to  a  flexible  support  structure  by  suitable 
fasteners  129  and  thereby  clamped  between  a  pair 
of  plates  131'.  One  of  the  support  plates  131'  is 
visible  in  Figure  13,  and  the  other  support  plate  is 
located  on  the  opposite  side  of  the  strips  behind 
the  illustrated  plate  and  therefore  is  not  visible  in 
Figure  13. 

The  flexible  support  structure  800  also  includes 
a  second  set  of  flexible  strips  221,  223  forming  a 
second  planar  spring.  In  the  preferred  form,  the 
flexible  strip(s)  221,  223  each  comprise  Mylar™  or 
Kapton™  film,  but  other  flexible  elements  could  be 
used  such  as  a  flat  strip  of  non-magnetic  metal  like 
a  beryllium-copper  alloy  by  suitable  fasteners  225. 
The  free  first  ends  of  the  pair  of  flexible  strip 
springs  221,  223  are  clamped  between  a  pair  of 
plates  226  and  227  by  suitable  fasteners  225.  On 
each  side  of  the  subassembly  800,  one  of  the  two 
plates  226,  227  is  attached  to  and  extends  out  from 
the  surface  of  one  the  plates  131'. 

As  a  result  of  this  connection  structure,  the 
second  pair  of  planar  flexible  strips  221,  223  are 
located  on  opposite  sides  of  the  U-shaped  member 
103  and  the  first  pair  of  flexible  strips  121,  123. 
However,  the  flat  plane  of  the  second  pair  of  planar 
flexible  spring  straps  221  ,  223  is  orthogonal  to  the 
flat  plane  of  the  spring  formed  by  the  first  pair  of 
flexible  strips  121,  123.  The  strips  221,  223  are  the 
same  length  as  or  somewhat  shorter  than  the  strips 
121,  123. 

Figure  14  depicts  a  beam  scanning  module 
incorporating  a  laser  diode  and  focusing  module 
600,  identical  to  that  used  in  the  first  two  embodi- 
ments,  and  the  subassembly  800  illustrated  in  Fig- 
ures  10  and  11.  As  shown  in  Figure  14,  pins  229  or 
other  suitable  fasteners  serve  to  clamp  the  second 
ends  of  the  planar  springs  221  ,  223  between  plates 
231  and  pedestals  235.  A  frame  528  supports  the 
pedestals  235  and  through  them  the  attached  sub- 
assembly  800.  An  extension  at  one  end  of  the 
frame  528  also  supports  the  electromagnet  133  at 
a  fixed  position  in  close  proximity  to  the  permanent 
magnet  109  of  the  sub-assembly  800. 

The  components  of  the  sub-assembly  800  bal- 
ance  in  a  manner  similar  to  that  of  the  components 
in  the  earlier  embodiments,  but  in  this  case  the 
components  balance  with  respect  to  two  orthogonal 
axes.  The  balancing  of  the  weight  of  the  mirror  159 

by  the  weight  of  the  magnet  109  will  cause  the  first 
pair  of  planar  flexible  strips  121,  123  to  flex  about 
an  axis  Ax  approximately  half  the  distance  between 
the  mirror  and  the  magnet.  The  weight  balancing 

5  will  also  cause  the  second  pair  of  planar  flexible 
strips  221,  223  to  flex  about  an  axis  Ay  approxi- 
mately  half  the  distance  between  the  mirror  and  the 
magnet.  The  two  axes  Ax,  Ay  are  orthogonal  with 
respect  to  each  other.  In  this  embodiment,  the  axis 

io  Ax  will  be  a  vertical  axis  and  the  axis  Ay  will  be 
horizontal. 

Reciprocal  flexing  of  the  planar  spring  formed 
by  the  first  pair  of  flexible  strips  121,  123  about  the 
vertical  axis  Ax  will  cause  vibration  of  the  U-shaped 

is  member  103  and  reciprocal  movement  of  the  mir- 
ror  159  back  and  forth  through  a  horizontal  arc 
about  the  axis  Ax.  Similarly,  reciprocal  flexing  of  the 
second  pair  of  flexible  strips  221,  223  about  the 
horizontal  axis  Ay  causes  vibration  of  the  U-shaped 

20  member  and  corresponding  reciprocal  movement 
of  the  mirror  159  up  and  down  through  a  vertical 
arc  about  the  axis  Ay. 

To  produce  desirable  two-dimensional  scan- 
ning  patterns,  the  vibrational  movement  about  the 

25  Ax  axis  should  be  at  a  higher  frequency  than  the 
vibrational  movement  about  the  Ay  axis.  In  general, 
when  a  spring  must  move  a  higher  mass  it  vibrates 
at  a  lower  frequency.  In  the  system  of  Figure  14, 
the  first  pair  of  planar  flexible  strips  121,  123  carry 

30  the  mass  of  the  magnet  109,  the  U-shaped  mem- 
ber  103  and  the  mirror  159  together  with  the  pins 
125,  frame  member  and  plate  127  which  attach 
those  springs  to  the  member  103.  In  addition  of 
this  mass,  the  second  pair  of  flexible  strips  221, 

35  223  carry  the  mass  of  the  first  strips,  121,  123,  and 
the  various  plates  and  pins  which  connect  the 
second  ends  of  the  strips  121,  123  to  the  free  end 
of  the  second  pair  of  flexible  strips  221  ,  223.  As  a 
result,  the  mass  moved  by  the  second  planar 

40  spring  formed  by  flexible  strips  221,  223  is  some- 
what  higher  than  the  mass  moved  by  the  first 
planar  spring  formed  by  flexible  strips  121,  123. 
For  some  desired  patterns,  such  as  the  progress- 
ing  zig-zag  pattern  discussed  in  more  detail  below 

45  (with  regard  to  Figures  17-23),  the  difference  in 
vibration  frequencies  caused  by  these  mass  differ- 
ences  may  be  sufficient. 

To  generate  a  raster  type  pattern  for  reading 
two-dimensional  indicia,  the  vibrational  movement 

50  about  the  Ax  axis  should  be  at  a  much  higher 
frequency  than  the  frequency  of  vibrational  move- 
ment  about  the  Ay  axis.  In  general,  stiffer  springs 
vibrate  at  higher  frequencies  than  more  flexible 
springs,  therefore  the  first  pair  of  flexible  strips  121, 

55  123  should  be  stiffer  than  the  second  pair  of  planar 
flexible  strips  221  ,  223.  If  the  various  planar  spring 
strips  are  all  made  of  the  same  material,  the  first 
pair  of  flexible  strips  121,  123  should  be  thicker 
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than  the  second  pair  of  flexible  strips  221,  223. 
Alternatively,  the  first  pair  of  planar  flexible  strips  or 
springs  121,  123  may  consist  of  a  relatively  stiff 
spring  material,  for  example  a  flexible  non-mag- 
netic  metal  such  as  a  beryllium-copper  alloy.  The 
second  pair  of  planar  flexible  strips  or  springs  221  , 
223  would  then  consist  of  a  more  flexible  plastic 
material  e.g.  Mylar™  or  Kapton™.  For  raster  scan- 
ning  of  a  two-dimensional  bar  code,  the  second 
pair  of  planar  springs  221,  223  will  vibrate  at  a 
characteristic  frequency  in  a  relatively  low  range  of 
frequencies,  such  as  within  the  range  of  about  5  to 
15  Hz.  In  contrast,  the  first  pair  of  planar  springs 
121,  123  will  vibrate  at  a  characteristic  frequency  in 
a  relatively  high  range  of  frequencies,  such  as 
within  the  range  of  about  200  to  800  Hz. 

The  oscillatory  forces  applied  to  the  single 
permanent  magnet  109  by  the  electromagnet  159 
can  initiate  the  desired  vibrations  in  both  pairs  of 
the  spring  strips  121,  123  and  221,  223  by  using 
the  proper  orientation  of  the  poles  of  the  perma- 
nent  magnet  and  by  carefully  selecting  the  drive 
signal  applied  to  terminals  220  to  drive  the  coil  of 
the  electromagnet  214. 

The  electromagnet  133  comprises  a  core  or 
bobbin  around  which  a  coil  is  wound.  When  there 
is  no  current  through  the  coil,  the  resilient  nature  of 
the  first  and  second  pairs  of  planar  springs  causes 
the  mirror  159  and  magnet  109  to  return  to  the  rest 
position.  When  a  current  is  introduced  through  the 
coil,  interaction  between  magnetic  fields  of  the  coil 
and  the  permanent  magnet  109  creates  a  moment 
of  force  moving  the  magnet  109  away  from  its 
equilibrium  position.  In  this  embodiment,  the  axis 
between  the  poles  of  the  permanent  magnet  109  is 
at  approximately  a  45°  angle  between  the  pivotal 
axes  Ax  and  Ay  (i.e.  at  a  45  °  angle  out  of  the  plane 
of  Figure  14).  As  a  result,  forces  applied  to  that 
magnet  will  include  a  vector  orthogonal  to  each 
axis  of  rotation  and  will  move  the  magnet  away 
from  its  rest  position  with  respect  to  both  axes.  As 
a  result  of  such  motion,  a  spring  force  is  produced 
by  the  first  pair  of  planar  spring  strips  121,  123  and 
a  spring  force  is  produced  by  the  second  pair  of 
planar  spring  strips  221,  223.  These  spring  forces 
oppose  the  motion  and  tend  to  bring  the  perma- 
nent  magnet  109  back  to  the  rest  position.  Revers- 
ing  the  polarity  of  the  applied  current  will  reverse 
the  directions  of  the  magnetic  forces  and  the  op- 
posing  spring  forces.  Therefore,  if  the  current  ap- 
plied  to  the  coil  of  the  electromagnet  133  takes  the 
form  of  a  cyclical  AC  signal,  such  as  a  sign  wave,  a 
pulse  signal,  a  triangular  wave,  etc.,  the  induced 
magnetic  forces  will  produce  an  oscillatory  move- 
ment  or  vibration  of  the  permanent  magnet  109 
about  both  axes  Ax  and  Ay. 

To  produce  the  two  different  frequencies  of 
motion  about  the  two  different  axes,  the  drive  sig- 

nal  applied  to  the  electromagnet  comprises  a 
superposition  of  two  cyclical  signals  of  different 
frequencies.  The  first  signal  component  has  a  fre- 
quency  within  the  high  range  of  frequencies  cor- 

5  responding  to  the  characteristic  vibration  frequency 
of  the  first  pair  of  springs  121,  123.  The  second 
signal  component  has  a  frequency  within  the  low 
range  of  frequencies  corresponding  to  the  char- 
acteristic  vibration  frequency  of  the  second  pair  of 

io  planar  springs  221,  223.  Thus  the  vibratory  mag- 
netic  forces  applied  to  the  permanent  magnet  109 
will  include  the  two  different  frequency  components 
corresponding  to  the  two  component  signals  in  the 
drive  signal.  Because  of  the  different  characteristic 

is  frequency  of  vibration  of  the  two  sets  of  spring 
strips,  each  planar  spring  formed  by  one  pair  of 
strips  will  vibrate  only  at  its  natural  vibration  fre- 
quency  in  response  only  to  the  force  vector  or- 
thogonal  to  its  corresponding  pivotal  axis.  Thus 

20  when  the  electromagnet  133  is  driven  by  such  a 
superposition  signal,  the  first  pair  of  planar  spring 
strips  121,  123  will  vibrate  about  the  Ax  axis  at  a 
frequency  in  the  high  range  of  frequencies,  and  the 
second  pair  of  planar  spring  strips  221,  223  will 

25  vibrate  about  the  Ay  axis  at  a  frequency  in  the  low 
range  of  frequencies. 

As  depicted  in  Figure  14,  the  laser  diode  and 
focusing  module  600  produces  a  light  beam  which 
is  reflected  from  the  oscillating  mirror  159.  The 

30  mirror  159  oscillates  in  two  orthogonal  directions  at 
the  two  different  frequencies,  as  discussed  above. 
This  oscillation  of  the  mirror  159  causes  the  re- 
flected  beam  51  to  scan  back  and  forth  in  the  X- 
direction  and  up  and  down  in  the  Y-direction  in  a 

35  raster  pattern  across  the  surface  on  which  the  two- 
dimensional  bar  code  appears.  The  light  reflected 
back  by  the  indicia  would  be  detected,  and  the 
detector  signal  proportional  to  the  intensity  of  the 
reflected  light  would  be  processed,  digitized  and 

40  decode  in  the  usual  (by  a  detector  and  processing 
circuitry  not  shown). 

Incorporation  of  Scanner  Module  Into  a  Stylus 

45  Because  of  the  small  size,  light  weight  and 
robust  construction  of  the  scanner  modules  incor- 
porating  the  flexible  support  structures  of  the 
present  invention,  any  of  the  embodiments  of  the 
present  invention  discussed  above  can  be  moun- 

50  ted,  worn  or  held  by  an  operator  in  a  wide  range  of 
positions.  For  example,  a  scanner  module,  such  as 
400  shown  in  Figures  4  to  7,  could  be  mounted  so 
that  the  operator  could  wear  the  module  on  a 
helmet,  eye  glasses,  an  arm  band,  bracelet  or  ring, 

55  etc.  The  module  could  easily  fit  in  a  handheld 
scanner  similar  to  that  shown  in  Figure  1.  Alter- 
natively,  the  module  could  be  part  of  a  fixed  in- 
stallation  scanner. 
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In  one  preferred  embodiment,  shown  in  Figures 
15  and  16,  a  beam  scanner  module  400'  is  incor- 
porated  into  a  writing  instrument  750.  The  module 
400'  could  be  essentially  identical  to  the  module 
400  in  which  case  the  detector  and  all  processing 
circuitry  for  beam  scanning  are  components  of  the 
module.  Alternatively,  as  illustrated  in  Figure  15, 
the  detector  may  be  a  separately  mounted  compo- 
nent  of  the  system.  The  module  400'  would  include 
at  least  the  laser  diode  and  focusing  module,  the 
mirror,  the  structure  for  supporting  the  mirror  for 
motion  in  one  or  two  desired  directions,  and  the 
first  and  second  magnets  for  producing  such  mo- 
tion  at  the  desired  frequencies  in  response  to  an 
appropriate  drive  signal. 

With  reference  to  Figure  15,  the  instrument  750 
includes  a  pen  shaped  housing  751  having  a  ta- 
pered  tip  at  one  end,  an  enlarged  section  at  an  end 
opposite  the  tapered  tip,  and  an  elongated  body 
between  the  ends.  The  tip  end  of  the  pen  would 
include  the  necessary  stylus  electronics  752,  and 
the  scanner  module  400'  is  mounted  at  one  end  of 
a  circuit  board  753  to  position  the  module  in  the 
enlarged  rear  section  of  the  stylus  housing  751. 
The  circuit  board  753  could  also  support  any  addi- 
tional  circuitry  needed  for  generating  or  processing 
signals  related  either  to  the  scanning  operation  or 
writing  operations  of  the  stylus,  as  needed. 

A  light-transmissive  window  756  allows  the  out- 
going  light  beam  from  the  beam  scanner  module 
400'  to  exit  the  housing  751.  The  beam  of  light 
travels  along  a  light  path  extending  along  an  outer 
surface  of  the  body  of  the  housing  751  toward  a 
target  surface  on  which  optically  encoded  indicia 
70  appears. 

The  light  reflected  back  by  the  indicia  passes 
back  through  an  ambient  light  blocking  optical  filter 
756'  for  application  to  the  detector  758.  As  shown, 
the  filter  and  the  detector  are  mounted  at  or  near 
the  tapered  tip  of  the  pen  shaped  housing  751  .  The 
detector  758  produces  an  analog  signal  propor- 
tional  to  the  intensity  of  the  reflected  light  which 
circuitry  in  module  400'  or  mounted  on  circuit 
board  753  processes,  digitizes  and  decodes  in  the 
usual  manner. 

A  manually  actuable  switch  754  is  mounted  on 
a  side  surface  of  the  body  of  the  pen,  at  a  point 
near  the  tapered  tip  (Figure  16).  Consequently,  the 
switch  is  out  of  line  of  the  light  path.  An  operator 
holding  the  pen  in  her  right  hand  would  actuate  the 
switch  with  her  fore  finger.  An  operator  holding  the 
stylus  in  his  left  hand  would  actuate  the  switch  with 
his  thumb.  In  either  case,  because  of  the  position 
of  the  switch  754,  the  finger  which  actuates  the 
switch  will  not  obstruct  the  path  of  the  light  beam 
along  the  outer  surface  of  the  body  of  the  housing 
751.  Operation  of  the  switch  activates  the  beam 
emission  and  scanning  components  of  the  module 

400'  and  the  detector  756  and  associated  signal 
processing  and  decoding  circuitry  to  initiate  read- 
ing  of  the  optically  encoded  indicia  70. 

Moving  spot  scanners  will  typically  have  a 
5  "dead  zone"  close  to  the  window  of  the  scanner  in 

which  the  device  can  not  scan  indicia  because  the 
scan  line  is  shorter  than  the  width  of  the  indicia.  It 
is  often  most  convenient,  however,  for  the  operator 
to  hold  the  nose  or  tip  of  the  scanner  quite  close  to 

io  the  indicia  during  scanning.  When  arranged  in  a 
pen  or  stylus  as  shown,  most  if  not  all  of  the  "dead 
zone"  of  the  scanner  module  400'  is  along  the 
length  of  the  body  of  the  pen  shaped  housing  751  . 
Consequently,  the  operator  can  hold  the  tip  of  the 

is  stylus  750  relatively  close  to  the  indicia  70,  and  the 
scanner  can  still  obtain  an  accurate  valid  reading  of 
the  indicia. 

As  shown  in  Figure  16,  the  stylus,  including  the 
scanner  module  400',  connects  to  the  separate 

20  tablet  775  via  a  cable  757.  The  writing  tablet  is 
sensitive  to  contact  or  pointing  of  the  stylus  tip  at 
positions  on  the  tablet  to  derive  positional  data,  and 
the  tablet  displays  information  related  to  the  de- 
rived  positional  data.  For  example,  the  tablet  may 

25  include  a  resistive  contact  type  input  screen,  for 
electronically  determining  an  X,Y  position  at  which 
the  pen  tip  contacts  the  tablet  surface,  and  an 
associated  display  device,  such  as  those  disclosed 
in  U.S.  Patent  No.  4,972,496.  Alternatively,  the  sty- 

30  lus  electronics  could  rely  on  a  light  pen  technology, 
on  capacitive  contact  detection  circuitry,  pressure 
sensitive  contact  detection  circuitry,  ultrasonic 
proximity  detection  circuitry,  etc.  In  each  case,  the 
key  feature  is  that  the  stylus  750  incorporates  both 

35  the  electronics  necessary  to  provide  X,Y  position 
data  input  to  the  corresponding  type  of  electronic 
tablet  775  and  a  beam  scanner  module  400'  of  one 
of  the  types  discussed  herein. 

In  the  embodiment  of  Figure  16,  the  cable  757 
40  carries  the  digital  data  representing  the  decoded 

characters  to  the  associated  computer,  e.g.  via  the 
connection  to  the  display  and  resistive  stylus  input 
tablet.  In  such  a  case,  the  stylus  750  typically 
receives  power  supply  voltage  from  an  external 

45  source  such  as  the  system  power  supply  via  the 
cable  757  connection  to  the  tablet  775.  Alternative- 
ly,  the  stylus  may  include  an  internal  battery  power 
supply  and  a  wireless  transmitter.  The  transmitter 
could  be  a  radio  transmitter,  an  infrared  transmitter, 

50  an  ultrasonic  transmitter  or  any  other  type  wireless 
transmitter.  The  transmitter  sends  analog  or  digital 
signals  resulting  from  the  scan  of  the  optically 
encoded  indicia  70  to  the  associated  computer 
system.  In  this  later  case,  the  cable  connection  to 

55  the  tablet  775  would  be  unnecessary  and  the  oper- 
ator  would  not  need  to  hold  the  tablet  during  ex- 
tended  scanning  operations. 

15 
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Progressive  Line  Motion  Scanner 

Figures  17-23  depict  an  embodiment  of  the 
present  invention  for  producing  beam  spot  scan- 
ning  motion  in  two  different  directions.  In  this  em- 
bodiment,  however,  the  scanning  pattern  is  a  mov- 
ing  truncated  zig-zag  pattern,  rather  than  a  raster 
pattern. 

Indicia  printed  using  low  quality  printing  tech- 
niques  often  include  numerous  printing  defects. 
Such  defectively  printed  codes  and  damaged  or 
scratched  indicia  often  will  include  a  truncated  bar 
code  region  which  is  still  sufficiently  intact  and/or 
accurately  printed  to  permit  reading.  There  is  also 
a  trend  toward  making  bar  codes  smaller,  so  that 
the  code  occupies  less  surface  area  and  is  less 
visually  obtrusive.  Reading  of  any  such  small  or 
truncated  code  is  successful,  however,  only  if  one 
or  more  scan  lines  exactly  cross  the  intact  trun- 
cated  code.  With  typical  scanners  which  repeatedly 
scan  only  a  single  scan  line,  this  requires  careful 
aiming  so  that  the  line  crosses  the  truncated  code 
and  may  require  that  the  operator  hold  the  scanner 
so  that  the  scan  line  crosses  the  code  at  some 
angle  other  than  the  typical  horizontal  angle. 

The  present  embodiment  of  the  invention  over- 
comes  such  difficulties  by  producing  a  zig-zag 
pattern  which  automatically  progresses  across  the 
code  until  one  or  more  lines  scan  an  intact  portion 
of  the  code.  Such  a  pattern  includes  horizontal 
lines  and  angled  diagonal  lines.  As  the  pattern 
progresses  across  the  truncated  code,  eventually 
one  of  the  scan  lines  will  align  properly  with  the 
intact  truncated  portion  of  the  code  and  thereby 
produce  an  accurate  valid  read  result. 

Figure  17  provides  a  top  view  of  the  scanning 
engine  components  of  the  present  embodiment.  A 
circuit  board  1  1  supports  the  scanning  engine  near 
one  end  thereof.  As  will  be  discussed  later,  the 
laser  diode  type  emitter  and  the  detector  are 
mounted  at  the  opposite  end  of  the  circuit  board 
11.  As  in  the  earlier  embodiments,  this  scanning 
engine  uses  a  mirror  5  as  the  component  which 
moves  to  produce  the  desired  beam  scanning  mo- 
tion.  The  mirror  5  is  rather  long  and  slightly  curved, 
when  viewed  from  above,  to  concentrate  reflected 
light  toward  the  detector.  When  viewed  from  the 
side,  e.g.  the  left  side  of  Figure  17,  the  mirror 
appears  as  a  long  narrow  rectangle. 

The  scanning  engine  includes  two  different 
spring  support  structures  for  providing  reciprocal 
motion  of  the  mirror  5  in  the  two  desired  orthogonal 
directions.  The  spring  2  flexes  about  a  first  axis  Ax 
to  produce  substantially  horizontal  motion  of  the 
mirror  5,  and  a  pair  of  leaf  springs  1  flex  about  an 
axis  Ay  to  produce  substantially  vertical  motion  of 
the  mirror  5.  The  spring  2  is  attached  to  the  mirror 
5  at  one  end  thereof,  in  a  manner  to  be  discussed 

in  more  detail  below. 
A  "fixed"  end  of  each  of  the  leaf  springs  1, 

formed  of  a  beryllium-copper  alloy  or  similar  flexi- 
ble  non-magnetic  material,  is  fastened  by  pins  7  or 

5  other  suitable  fasteners  to  thereby  clamp  the  end 
of  the  spring  between  a  plate  9  and  one  of  two 
engine  holders  12  (only  one  of  which  is  visible  in 
Figure  18).  At  least  one  of  the  pins  7  extends 
through  the  circuit  board  1  1  and  engages  a  support 

io  block  13  which  extends  across  the  lower  surface  of 
the  circuit  board  1  1  to  securely  attach  both  of  the 
engine  holders  12  to  the  board. 

Rivets  15  connect  a  bracket  17  between  the 
"free"  ends  of  the  two  leaf  springs  1  (Figure  17). 

is  The  bracket  17  includes  an  extension  18  for  sup- 
porting  the  mirror  2.  A  first  arm  of  the  spring  2  is 
fixed  by  fasteners,  such  as  rivets  21  and  thereby 
clamped  between  the  bracket  extension  18  and  a 
mirror  support  clamp  19. 

20  In  addition  to  clamping  the  spring  2  to  the 
extension  18,  the  mirror  support  clamp  19  serves 
as  a  balance  member.  Specifically,  the  mirror  sup- 
port  clamp  19  extends  in  a  direction  opposite  the 
spring  2  so  that  the  weight  of  the  clamp  balances 

25  the  weight  of  the  permanent  magnet  23  and  the 
mirror  5  with  respect  to  the  axis  Ax  about  which  the 
spring  2  flexes.  If  the  clamp  19  extends  sufficiently 
far,  the  end  of  the  clamp  opposite  the  spring  2  is 
grooved  so  that  the  leaf  spring  1  passes  thereth- 

30  rough,  such  that  there  is  no  friction  between  the 
clamp  19  and  the  leaf  spring  1. 

The  spring  2  is  a  metal  spring,  typically  formed 
of  a  flat  sheet  of  a  beryllium-copper  alloy  bent  into 
the  shape  illustrated  in  the  drawings.  Figure  20 

35  provides  an  edge  view  of  the  spring  2.  This  spring 
has  a  first  arm  31.  As  shown  in  the  front  view  of 
Figure  19,  openings  21'  extend  through  the  first 
arm  31.  The  rivets  21,  discussed  above,  pass 
through  the  openings  21'  to  fixedly  attach  an  end 

40  of  the  arm  31  between  the  bracket  extension  18 
and  the  mirror  support  clamp  19. 

An  end  of  a  first  semi-circular  of  U-shaped 
section  32  connects  to  the  second  end  of  the  first 
arm  31  .  One  end  of  a  second  semi-circular  section 

45  33  connects  to  the  second  end  of  the  first  semi- 
circular  section.  The  first  semi-circular  section  32 
has  a  small  radius  of  curvature  such  that  it  is 
relatively  rigid.  Consequently,  the  first  arm  31  and 
the  first  semi-circular  section  32  provide  relatively 

50  rigid  support  for  the  second  semi-circular  section 
33. 

A  second  arm  34  of  the  spring  2  connects  to 
the  other  end  of  the  second  semi-circular  section 
33.  The  second  semi-circular  section  33  has  a 

55  substantially  larger  radius  of  curvature  than  does 
the  first  semi-circular  section  32,  such  that  the 
second  semi-circular  section  33  is  relatively  flexi- 
ble.  Consequently,  motion  of  the  mirror  5  in  the 
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first  direction  is  produced  by  flexing  of  the  spring 
about  an  axis  Ax  which  is  close  to  or  coincides  with 
the  central  axis  of  the  second  semi-circular  section 
33.  Means  are  provided  near  the  far  end  of  the 
second  arm  34  to  support  the  mirror  5  and  the  first 
permanent  magnet  23. 

In  this  embodiment,  the  first  permanent  magnet 
23  is  glued  or  otherwise  attached  directly  to  the 
rear  surface  of  the  mirror  5  (Figure  17).  As  shown 
in  Figure  19,  the  second  arm  34  of  the  spring  2 
includes  an  opening  35  therethrough.  A  series  of 
spring  tabs  formed  around  the  periphery  of  the 
opening  extend  radially  inward  toward  the  center  of 
the  opening  35.  The  first  permanent  magnet  23  is 
cylindrical,  and  the  spring  tabs  and  opening  35  are 
dimensioned  such  that  the  tabs  grip  the  outer  sur- 
face  of  the  first  permanent  magnet  23  when  that 
magnet  is  pressed  into  the  opening.  This  engage- 
ment  serves  to  attach  both  the  first  permanent 
magnet  23  and  the  scanning  mirror  5  to  the  movea- 
ble  end  of  the  second  arm  34  of  spring  2. 

As  shown  in  Figure  21,  the  arm  34  also  has 
inwardly  folded  clip-like  members  or  gripping  arms 
36  formed  at  opposite  side  edges  of  the  second 
arm  34  of  the  spring  2.  Figure  19  depicts  location 
of  the  inwardly  folded  clip-like  members  arms  36 
on  either  side  of  the  opening  35.  The  gripping  arms 
36  clamp  the  sides  of  the  mirror  5  adjacent  the  end 
of  the  mirror  to  which  the  first  permanent  magnet  is 
attached  and  thereby  provide  an  additional  attach- 
ment  of  the  first  permanent  magnet  23  and  the 
scanning  mirror  5  to  the  moveable  end  of  the 
second  arm  34  of  spring  2. 

With  reference  to  Figure  17,  this  embodiment 
includes  a  first  electromagnet  25  attached  to  the 
upper  surface  of  circuit  board  11  at  a  position  in 
close  proximity  to  the  first  permanent  magnet  23. 
Also,  the  first  permanent  magnet  23  is  quite  close 
to  the  axis  Ay  about  which  the  leaf  springs  1  flex. 
As  a  result,  stray  magnetic  fields  acting  on  the  first 
permanent  magnet  23  will  not  produce  any  sub- 
stantial  moment  of  force  about  the  axis  Ay.  The 
axis  between  the  north  and  south  poles  of  the  first 
permanent  magnet  23  lies  along  the  central  axis  of 
the  cylindrical  shape  of  that  magnet  and  is  aligned 
with  or  parallel  to  the  axis  of  the  electromagnet  25. 
Application  of  a  cyclical  alternating  current  signal  to 
the  coil  of  the  electromagnet  25  will  produce  a 
reciprocating  push-pull  force  on  the  first  permanent 
magnet  23. 

Because  the  spring  2  attaches  near  one  end  of 
the  elongated  mirror  5  and  the  center  of  mass  of 
the  mirror  is  near  the  middle  of  the  mirror,  the 
mirror  5  forms  a  long  lever  arm  with  respect  to  the 
axis  Ax  about  which  the  spring  2  flexes.  Con- 
sequently,  forces  applied  to  the  magnet  23  will 
produce  a  relatively  large  moment  of  force  on  the 
mirror  and  will  produce  a  relatively  large  angular 

motion  thereof.  This  provides  efficient  coupling  of 
magnetic  forces  to  the  mirror  and  a  large  angular 
displacement  of  the  beam  in  the  X-direction  (42.0  ° 
shown  in  Figure  22). 

5  The  bracket  17  also  includes  an  extension  26 
for  supporting  a  second  permanent  magnet.  As 
shown  in  the  side  view  of  Figure  18,  the  extension 
26  curves  around  and  passes  beneath  one  end  of 
the  circuit  board  11.  The  second  permanent  mag- 

io  net  27  is  attached  to  the  lower  end  of  the  extension 
26  by  suitable  means.  A  second  electromagnet  28 
is  attached  to  the  lower  surface  of  circuit  board  1  1 
at  a  position  in  close  proximity  to  the  first  perma- 
nent  magnet  23.  The  dimensions  of  the  bracket  17, 

is  with  its  attached  extensions  18  and  26,  are  chosen 
such  that  the  weights  of  the  various  components 
balance  each  other  with  respect  to  the  axis  Ay 
about  which  the  leaf  springs  1  flex. 

Like  the  first  permanent  magnet  23,  the  second 
20  permanent  magnet  27  is  cylindrical.  The  axis  be- 

tween  the  north  and  south  poles  of  the  second 
permanent  magnet  27  lies  along  the  central  axis  of 
the  cylindrical  shape  of  that  magnet  and  is  aligned 
with  or  closely  parallel  to  the  axis  of  the  second 

25  electromagnet  28.  Application  of  a  cyclical  alternat- 
ing  current  signal  to  the  coil  of  the  second  elec- 
tromagnet  28  therefore  will  produce  a  reciprocating 
push-pull  force  on  the  second  permanent  magnet 
28. 

30  The  above  discussed  construction  of  this  scan- 
ner  embodiment  permits  motion  of  the  mirror  in 
two  different  directions,  and  the  motion  in  each 
direction  can  be  totally  independent  of  the  motion 
in  the  other  direction. 

35  More  specifically,  when  there  is  no  current 
through  the  coil  of  electromagnet  25,  the  resilient 
nature  of  the  spring  2  causes  the  mirror  2  to  return 
to  its  rest  position  with  respect  to  the  axis  Ax. 
When  a  current  is  introduced  through  the  coil, 

40  interaction  between  magnetic  fields  of  the  coil  and 
the  permanent  magnet  23  creates  a  moment  of 
force  moving  the  magnet  23  away  from  the  equilib- 
rium  position  thereof  shown  in  Figure  17.  This  force 
moment  moves  the  permanent  magnet  23  either 

45  toward  or  away  from  the  bobbin  and  coil  of  the 
electromagnet  25.  As  a  result  of  such  motion,  a 
spring  force  is  produced  by  the  spring  2  which 
tends  to  bring  the  permanent  magnet  23  back  to 
the  rest  position.  Reversing  the  polarity  of  the 

50  applied  current  will  reverse  the  directions  of  the 
magnetic  force  and  the  opposing  spring  force. 
Therefore,  if  the  current  applied  to  the  coil  of  the 
electromagnet  25  takes  the  form  of  a  cyclical  AC 
signal,  such  as  a  sign  wave,  a  pulse  signal,  a 

55  triangular  wave,  etc.,  the  induced  magnetic  forces 
will  produce  an  oscillatory  movement  or  vibration  of 
the  permanent  magnet  23  and  the  mirror  5  at- 
tached  thereto.  Application  of  such  a  current,  how- 

17 



33 EP  0  590  537  A2 34 

ever,  will  produce  no  moment  of  force  about  the  Ay 
axis,  and  as  a  result  the  motion  of  the  mirror  would 
be  entirely  horizontal,  absent  application  of  a  cur- 
rent  to  the  second  electromagnet  28.  Instead  of  the 
alternating  current,  the  drive  signal  could  be  a 
pulse  or  half  wave  signal  of  the  same  frequency 
and  in  phase  with  the  characteristic  vibration  of  the 
spring  2. 

Similarly,  when  there  is  no  current  through  the 
coil  of  electromagnet  28,  the  resilient  nature  of  the 
leaf  springs  1  causes  the  mirror  5  to  return  to  its 
rest  position  with  respect  to  the  axis  Ay.  When  a 
current  is  introduced  through  the  coil,  interaction 
between  magnetic  fields  of  the  coil  and  the  perma- 
nent  magnet  27  creates  a  moment  of  force  moving 
the  magnet  23  away  from  the  equilibrium  position 
thereof  shown  in  Figure  18.  This  force  moment 
moves  the  permanent  magnet  27  either  toward  or 
away  from  the  bobbin  and  coil  of  the  electromagnet 
28.  As  a  result  of  such  motion,  spring  forces  are 
produced  by  the  leaf  springs  1  which  tend  to  bring 
the  permanent  magnet  27  back  to  the  rest  position. 
Reversing  the  polarity  of  the  applied  current  will 
reverse  the  directions  of  the  magnetic  force  and 
the  opposing  spring  force.  Therefore,  if  the  current 
applied  to  the  coil  of  the  electromagnet  27  takes 
the  form  of  a  cyclical  AC  signal,  such  as  a  sign 
wave,  a  pulse  signal,  a  triangular  wave,  etc.,  the 
induced  magnetic  forces  will  produce  an  oscillatory 
movement  or  vibration  of  the  permanent  magnet 
27.  Instead  of  the  alternating  signal,  the  drive  cur- 
rent  could  take  the  form  of  a  repeating  half  cycle 
wave  or  pulse  signal  of  the  same  frequency  and  in 
phase  with  the  characteristic  vibration  of  the  leaf 
springs  1.  Because  bracket  17  supports  the  mirror 
5  between  the  free  ends  of  leaf  springs  1  (through 
extension  18  and  spring  2),  the  vibration  of  magnet 
27  will  produce  a  corresponding  vertical  movement 
of  the  mirror  5.  Application  of  such  a  current, 
however,  will  produce  no  moment  of  force  about 
the  Ax  axis,  and  as  a  result,  the  motion  of  the 
mirror  5  would  be  entirely  vertical  absent  applica- 
tion  of  a  current  to  the  second  electromagnet  25. 

When  both  electromagnets  25  and  28  receive 
cyclical  alternating  current  signals,  the  resulting 
oscillating  forces  on  the  permanent  magnets  23 
and  27  produce  reciprocal  motion  of  the  mirror  5 
about  both  axes  Ax  and  Ay.  The  frequencies  of 
scanning  motion  about  each  axis  differ  slightly  in  a 
specific  fashion  discussed  in  detail  below,  such 
that  the  beam  spot  scans  a  zig-zag  pattern  across 
the  surface  on  which  the  indicia  appears  and  the 
zig-zag  automatically  mover  across  that  surface  in 
search  of  a  truncated  portion  of  the  indicia  which  is 
readable. 

Figures  22  and  23  are  top  and  side  sectional 
views,  respectively,  of  a  hand  held  scanner  incor- 
porating  the  circuit  board  11  and  scanning  engine 

of  Figures  17  and  18.  As  depicted  in  Figure  22,  the 
laser  diode  and  focusing  module  600  produces  a 
light  beam  which  is  reflected  from  the  oscillating 
mirror  5.  The  mirror  5  oscillates  in  two  orthogonal 

5  directions  at  two  different  frequencies,  as  outlined 
above.  This  oscillation  of  the  mirror  5  causes  the 
reflected  beam  51  to  scan  back  and  forth  in  the  X- 
direction  and  up  and  down  in  the  Y-direction  in  a 
truncated  zig-zag  pattern  which  moves  progres- 

io  sively  across  the  surface  on  which  the  indicia  ap- 
pears. 

As  shown  in  Figure  22,  the  scanning  engine  of 
the  present  embodiment  will  produce  a  scan  angle 
of  42°  in  the  X-direction.  The  portions  of  the  scan 

is  near  the  extreme  ends  of  the  X-direction  motion, 
where  the  beam  spot  stops  and  reverses  direction, 
include  a  disproportionately  high  amount  of  the 
laser  energy  produced  during  scanning.  To  reduce 
hazards  to  the  operator  from  reflected  laser  energy 

20  and/or  hazards  to  other  persons  present  during 
scanning,  the  hand  held  scanner  includes  light 
blocking  plates  39  which  limit  the  maximum  scan 
angle  of  the  beam  as  it  emerges  from  the  scanner 
through  window  56.  With  the  plates  39  positioned 

25  as  shown,  the  scanning  engine  of  the  present  em- 
bodiment  will  produce  a  scan  angle  of  35.5°  de- 
grees  in  the  X-direction. 

The  light  reflected  back  by  the  indicia  enters 
the  scanner  housing  through  window  56,  and  the 

30  mirror  5  collects  and  redirects  the  reflected  light 
toward  the  detector  158.  The  redirected  light 
passes  through  an  ambient  light  blocking  filter  156 
and  impacts  on  the  detector  158.  Detector  158  is  a 
photodetector  exactly  like  that  used  in  the  embodi- 

35  ments  of  Figures  2  and  3.  The  detector  158  pro- 
duces  a  signal  proportional  to  the  intensity  of  the 
reflected  light.  As  the  scan  progresses  across  the 
indicia,  the  detector  signal  is  processed,  digitized 
and  decoded  in  the  usual  manner  (by  circuitry  not 

40  shown)  until  the  decoder  detects  a  valid  read. 
As  discussed  above  with  regard  to  the  embodi- 

ment  of  Figures  12-14,  oscillation  of  the  mirror  in 
the  Y-direction  at  a  quite  low  frequency  compared 
to  the  frequency  of  mirror  oscillation  in  the  X- 

45  direction  causes  the  beam  to  implement  a  raster 
scan  pattern.  In  the  embodiment  of  Figures  17-23, 
however,  a  raster  pattern  is  not  desired.  In  this  later 
embodiment,  the  springs  all  comprise  metal  mem- 
bers  consisting  of  the  same  material,  e.g  a  beryl- 

50  lium-copper  alloy,  which  tends  to  be  relatively  stiff. 
As  a  result,  the  spring  2  vibrates  at  a  frequency 
higher  than  the  vibration  frequency  of  the  lead 
springs,  but  the  difference  between  the  two  fre- 
quencies  is  not  as  great  as  in  a  raster  scanning 

55  type  embodiment. 
If  the  two  scanning  frequencies  were  equal  to 

each  other,  the  beam  would  scan  a  line  at  an  angle 
to  the  horizontal  and  would  repeatedly  scan  back 
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and  forth  across  that  line.  If  the  ratio  of  the  two 
scanning  frequencies  were  2:1,  the  beam  would 
implement  a  zig-zag  pattern.  Such  a  pattern,  how- 
ever,  would  have  exactly  two  horizontal  lines  per 
frame  and  would  exactly  repeat  after  each  com- 
plete  Y-direction  scan  cycle.  Any  such  exact  mul- 
tiple  relationship  between  the  scanning  frequencies 
will  produce  a  rapidly  repeating  pattern  wherein  the 
beam  spot  crosses  the  exact  same  portions  of  the 
indicia  over  and  over  again.  Each  frame  defined  by 
a  vertical  scan  cycle  will  repeat  the  pattern  of  the 
immediately  preceding  frame.  If  the  pattern 
crossed  a  damage  section  of  code  or  a  poorly 
printed  section  having  imperfections,  the  scanner 
would  not  be  able  to  read  the  encoded  information 
no  matter  how  many  times  such  a  pattern  repeats. 

The  ratio  of  the  X-direction  scanning  frequency 
to  the  Y-direction  scanning  frequency  therefore 
should  be  greater  than  1  .5  and  less  than  2.0.  In  the 
preferred  embodiment,  this  ratio  is  approximately 
1.75:1.  For  example,  if  the  X-direction  scanning 
frequency  is  60Hz,  and  the  Y-direction  scanning 
frequency  is  35Hz,  the  actual  ratio  between  the 
frequencies  is  1.71:1.  As  a  result  of  such  a  fre- 
quency  relationship,  the  beam  spot  implements  a 
truncated  zig-zag  pattern,  but  the  pattern  does  not 
repeat  after  each  frame  and  progresses  across  the 
surface  on  which  the  indicia  appears. 

More  specifically,  the  beam  spot  passes  left  to 
right  across  a  horizontal  line,  then  downward  right 
to  left  along  a  diagonal  line.  The  beam  spot  then 
passes  left  to  right  across  a  second  horizontal  line, 
and  then  upward  left  to  right  along  a  second  diag- 
onal  line.  The  beam  spot  subsequently  moves 
through  a  repeat  of  the  zig-zag.  Because  the  high 
scanning  frequency  is  not  an  even  multiple  of  the 
low  scanning  frequency  (ratio  1.75:1),  however,  the 
first  horizontal  line  of  the  next  zig-zag  will  occur  at 
a  position  slightly  below  the  position  of  the  first 
horizontal  line  of  the  first  zig-zag  pattern.  Thus 
each  frame,  defined  by  a  vertical  scan  cycle,  will 
not  repeat  the  immediately  preceding  frame. 

The  pattern  produced  by  scanning  in  accord 
with  the  present  embodiment  will  repeat  eventually, 
but  before  the  pattern  repeats,  the  zig-zag  will 
move  progressively  from  top  to  bottom  across  the 
indicia.  As  such,  the  pattern  will  include  a  large 
number  of  zig-zags,  each  having  two  horizontal 
lines  and  two  diagonals.  Many  decoders  used  in 
bar  code  scanning  systems  can  decode  a  valid 
reading  of  the  indicia  for  lines  passing  over  the 
indicia  from  left  to  right  and  from  right  to  left.  The 
diagonals  tend  to  have  a  relatively  small  angle  with 
respect  to  the  horizontal.  Thus  each  line  of  the 
moving  zig-zag  pattern  can  produce  a  valid  reading 
of  the  indicia,  if  the  portion  of  the  indicia  the  line 
passes  over  is  complete  and  intact. 

In  many  cases,  a  badly  printed  bar  code  or  a 
scratched  or  damaged  bar  code  will  still  include  at 
least  some  small  truncated  portion  which  is  suffi- 
ciently  intact  to  read  the  code  if  the  scan  lines 

5  cross  that  section  in  the  proper  alignment.  The 
progressive  movement  of  the  pattern  across  the 
indicia  results  in  a  search  across  the  indicia  for 
such  an  intact  truncated  section  of  the  code.  The 
progressive  movement  of  the  scanning  pattern  also 

io  results  in  a  search  across  a  target  surface  for  a 
small  indicia  or  bar  code. 

Also,  the  inclusion  of  diagonals  in  the  pattern 
will  produce  scanning  lines  at  different  angles  with 
respect  to  the  bars  of  the  indicia,  which  further 

is  increases  the  probability  of  enough  scan  lines 
passing  over  an  intact  section  of  the  indicia  at  a 
proper  angle  to  permit  a  reading  of  the  encoded 
information.  As  a  result,  the  operator  need  not  hold 
the  scanner  at  so  precise  an  angle  with  respect  to 

20  the  bars  of  the  indicia  in  order  for  the  scanner  to 
read  the  indicia. 

The  invention  may  be  summarized  as  follows: 
1.  A  self-contained  optical  scanning  module  for 
reading  optically  encoded  indicia  having  por- 

25  tions  of  differing  light  reflectivity,  said  module 
comprising: 

a  metal  base; 
an  emitter,  fixedly  mounted  on  said  metal 

base,  for  emitting  a  beam  of  light; 
30  optical  means  for  directing  the  beam  of  light 

toward  the  optically  encoded  indicia; 
support  means,  attached  to  said  base,  for 

mounting  the  optical  means  for  oscillating  move- 
ment; 

35  means  for  producing  a  reciprocal  motion  of 
the  optical  means  on  said  support  means  such 
that  the  beam  of  light  scans  across  a  surface  on 
which  said  indicia  appears; 

detector  means  for  receiving  light  reflected 
40  back  from  the  surface  and  producing  electrical 

signals  corresponding  to  the  differing  light  re- 
flectivity  of  the  optically  encoded  indicia; 

a  first  circuit  board  mounted  orthogonal  to 
said  metal  base  at  one  end  of  said  metal  base; 

45  first  circuit  means  mounted  on  said  first 
circuit  board; 

a  second  circuit  board  mounted  orthogonal 
to  said  first  circuit  board  and  parallel  to  said 
metal  base; 

50  second  circuit  means  mounted  on  said  sec- 
ond  circuit  board;  and 

a  flexible  electrical  cable  connecting  said 
first  and  second  circuit  means  to  each  other, 
wherein  said  first  and  second  circuit  means  op- 

55  erate  together  to  produce  signals  to  drive  the 
emitter,  to  produce  signals  to  drive  the  means 
for  producing  a  reciprocal  motion  and  to  process 
the  electrical  signals  produced  by  the  detector 
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means. 
2.  A  module  wherein  the  first  circuit  means 
comprises  a  drive  circuit  for  producing  a  signal 
to  drive  said  emitter. 
3.  A  module  ,  wherein  the  second  circuit  means  5 
comprises  an  application  specific  integrated  cir- 
cuit  for  producing  the  signals  to  drive  the  means 
for  producing  a  reciprocal  motion  and  for  pro- 
cessing  the  electrical  signals  produced  by  the 
detector  means.  10 
4.  A  module  ,  wherein: 

the  emitter  comprises  a  laser  diode,  and 
a  portion  of  said  metal  base  forms  a  heat 

sink  for  dissipating  heat  generated  by  the  laser 
diode  during  operation  of  the  scanning  module.  is 
5.  A  module  wherein  the  means  for  producing  a 
reciprocal  motion  comprises  first  and  second 
magnets  one  of  which  is  a  permanent  magnet 
and  the  other  of  which  is  an  electromagnet  to 
which  an  alternating  drive  signal  is  applied,  20 

the  first  magnet  being  fixedly  coupled  to  the 
optical  means,  and 

the  second  magnet  being  mounted  on  the 
second  circuit  board  in  a  position  in  close  prox- 
imity  to  the  first  magnet,  such  that  application  of  25 
an  alternating  drive  signal  to  the  electromagnet 
produces  a  magnetic  field  which  acts  on  the 
permanent  magnet  to  produce  reciprocal  move- 
ment  of  the  optical  means. 
6.  A  module  ,  wherein  the  detector  means  com-  30 
prises  a  linear  array  of  photodiodes  supported 
orthogonal  to  both  the  first  circuit  board  and  the 
second  circuit  board. 
7.  A  module  ,  further  comprising  a  scanner 
housing  containing  all  components  of  said  mod-  35 
ule. 
8.  A  module  ,  wherein  the  scanner  housing  is 
pen  shaped  and  also  contains  one  or  more 
components  for  writing. 
9.  A  module  ,  wherein  the  one  or  more  compo-  40 
nents  for  writing  include  electronic  stylus  means 
for  providing  a  positional  data  input  to  a  digitizer 
tablet  upon  contact  of  a  tip  of  the  pen  shaped 
housing  to  a  surface  of  the  digitizer  tablet. 
10.  A  module  ,  wherein  the  means  for  producing  45 
a  reciprocal  motion  of  the  optical  means  com- 
prises  a  magnet  and  a  drive  means  for  produc- 
ing  an  oscillating  force  on  the  magnet,  and  said 
support  means  comprises: 

a  member  having  a  first  end  to  which  said  so 
optical  means  is  attached  and  a  second  end 
opposite  said  first  end  to  which  the  magnet  is 
attached,  the  optical  means,  the  member  and 
the  magnet  being  dimensioned  such  that  the 
weight  of  said  magnet  balances  the  weight  of  55 
the  optical  means  with  respect  to  an  axis  ap- 
proximately  half  way  between  the  mirror  and  the 
magnet; 

a  flexible  planar  spring  having  a  free  end 
fixedly  coupled  to  one  of  the  ends  of  the  mem- 
ber,  said  flexible  planar  spring  being  longer  than 
the  distance  between  one  end  of  the  member 
and  the  axis  but  shorter  than  the  distance  be- 
tween  the  ends  of  the  member  such  that  said 
planar  spring  flexes  about  said  axis;  and 

means,  attached  to  said  metal  base,  for 
fixedly  supporting  an  opposite  end  of  the  flexible 
planar  spring. 
11.  A  module  wherein  the  magnet  is  a  perma- 
nent  magnet,  and  the  drive  means  is  an  elec- 
tromagnet  attached  to  said  second  circuit  board. 
12.  A  module  wherein  the  optical  means  com- 
prises  a  mirror. 
13.  A  module  ,  wherein  the  planar  spring  com- 
prises  of  a  pair  of  flexible  strips. 
14.  A  module  ,  wherein  the  flexible  strips  each 
consist  of  a  sheet  formed  of  a  flexible  plastic 
material,  such  as  Mylar™  or  Kapton™. 
15.  A  module  ,  wherein  the  means  for  fixedly 
supporting  an  opposite  end  of  the  flexible  planar 
spring  comprises: 

a  pedestal  attached  to  the  metal  base,  said 
pedestal  having  an  arm  extending  parallel  to  the 
metal  base;  and 

a  plate  attached  to  the  arm  of  the  pedestal 
with  the  opposite  end  of  the  flexible  planar 
spring  being  clamped  between  the  plate  and  the 
arm  of  the  pedestal. 
16.  An  optical  scanning  system  for  reading  indi- 
cia  having  portions  of  differing  light  reflectivity, 
said  system  comprising: 

a  stationary  support; 
emitting  and  optics  means  for  emitting  a 

beam  of  light  and  optically  directing  the  beam  of 
light  toward  the  optically  encoded  indicia; 

first  reciprocal  support  means  for  mounting 
a  component  of  the  emitting  and  optics  means 
for  oscillating  movement  in  a  first  direction; 

second  reciprocal  support  means,  attached 
to  the  stationary  support,  for  mounting  the  first 
support  means  for  oscillating  movement  in  a 
second  direction,  said  second  direction  being 
substantially  orthogonal  to  said  first  direction; 

drive  means  for  simultaneously  producing 
reciprocal  motion  of  the  component  mounted  on 
the  first  reciprocal  support  means  in  the  first 
direction  at  a  first  oscillating  frequency  and  re- 
ciprocal  motion  of  the  component  and  the  first 
reciprocal  support  means  together  as  mounted 
on  the  second  reciprocal  support  means  at  a 
second  oscillating  frequency,  wherein  the  first 
oscillating  frequency  is  slightly  larger  than  but 
not  an  exact  multiple  of  the  second  oscillating 
frequency,  such  that  the  beam  of  light  imple- 
ments  a  zig-zag  scanning  pattern  which  pro- 
gresses  across  a  surface  on  which  said  optically 
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encoded  indicia  appears;  and 
means  for  receiving  light  reflected  back 

from  the  surface  and  producing  electrical  signals 
corresponding  to  the  differing  light  reflectivity  of 
the  optically  encoded  indicia.  5 
17.  An  optical  scanning  system 
wherein  the  ratio  of  said  first  oscillating  fre- 
quency  with  respect  to  said  second  oscillating 
frequency  is  greater  than  1  .5  and  less  than  2.0. 
18.  An  optical  scanning  system  10 
wherein  the  ratio  of  said  first  oscillating  fre- 
quency  with  respect  to  said  second  oscillating 
frequency  is  approximately  1.75:1. 
19.  An  optical  scanning  system 
wherein  the  first  reciprocal  support  means  com-  is 
prises  a  metal  spring  having: 

a  first  arm  one  end  of  which  is  fixedly 
attached  to  the  second  reciprocal  support 
means; 

a  first  semi-circular  section  one  end  of  20 
which  is  connected  to  a  second  end  of  the  first 
arm; 

a  second  semi-circular  section  one  end  of 
which  is  connected  to  a  second  end  of  the  first 
semi-circular  section,  wherein  the  second  semi-  25 
circular  section  has  a  substantially  larger  radius 
of  curvature  than  does  the  first  semi-circular 
section  such  that  motion  of  the  component  in 
the  first  direction  is  produced  by  flexing  of  the 
spring  about  an  axis  close  to  or  coinciding  with  30 
the  axis  of  the  second  semi-circular  section;  and 

a  second  arm,  one  end  of  which  is  con- 
nected  to  a  second  end  of  the  second  semi- 
circular  section,  wherein  said  component  is 
fixedly  attached  to  a  second  end  of  the  second  35 
arm. 
20.  An  optical  scanning  system 
wherein: 

the  component  comprises  a  mirror, 
the  drive  means  includes  a  permanent  mag-  40 

net  attached  to  a  rear  non-reflecting  surface  of 
the  mirror,  and 

the  second  end  of  the  second  arm  of  the 
spring  has  an  opening  through  which  the  perma- 
nent  magnet  extends  to  form  a  press  fit  to  45 
thereby  fixedly  attach  both  the  permanent  mag- 
net  and  the  mirror  to  the  second  end  of  the 
second  arm  of  the  spring. 
21  .  An  optical  scanning  system 
wherein:  so 

the  component  comprises  an  elongated  mir- 
ror,  and 

the  second  end  of  the  second  arm  of  the 
spring  attaches  to  a  point  of  the  elongated  mir- 
ror  at  or  near  one  end  thereof.  55 
22.  An  optical  scanning  system 
wherein  the  second  reciprocal  support  means 
comprises: 

a  pair  of  leaf  springs,  each  leaf  spring  hav- 
ing  one  end  fixedly  attached  to  the  stationary 
support  and  a  second  end  which  is  free  to  move 
during  flexing  of  the  leaf  springs;  and 

means  connected  between  the  second  ends 
of  the  pair  of  leaf  springs  for  fixedly  supporting 
the  one  end  of  the  first  arm  of  the  metal  spring 
with  respect  to  the  free  ends  of  the  pair  of  leaf 
springs. 
23.  An  optical  scanning  system 
wherein  the  pair  of  leaf  springs  each  comprise  a 
flexible  metal  material  similar  to  the  material  of 
the  metal  spring. 
24.  An  optical  scanning  system 
wherein  the  metal  spring  and  the  pair  of  leaf 
springs  each  comprise  a  beryllium-copper  alloy. 
25.  An  optical  scanning  system 
wherein  the  drive  means  comprises: 

a  first  drive  means  for  producing  the  recip- 
rocal  of  the  component  in  the  first  direction  at 
the  first  oscillating  frequency;  and 

a  second  drive  means,  operating  indepen- 
dently  of  the  first  drive  means,  for  producing  the 
reciprocal  motion  of  the  component  in  the  sec- 
ond  oscillating  frequency. 
26.  An  optical  scanning  system 
wherein: 

(a)  the  first  drive  means  comprises  first  and 
second  magnets  one  of  which  is  a  permanent 
magnet  and  the  other  of  which  is  an  elec- 
tromagnet  to  which  an  alternating  drive  signal 
is  applied, 

the  first  magnet  being  fixedly  coupled  to 
the  component,  and 

the  second  magnet  being  mounted  on 
the  stationary  support  in  close  proximity  to 
the  first  magnet,  such  that  application  of  an 
alternating  drive  signal  to  the  electromagnet 
produces  a  magnetic  field  which  acts  on  the 
permanent  magnet  to  produce  reciprocal 
movement  of  the  component  in  the  first  direc- 
tion;  and 
(b)  the  second  drive  means  comprises  third 
and  fourth  magnets  one  of  which  is  a  second 
permanent  magnet  and  the  other  of  which  is 
an  second  electromagnet  to  which  a  second 
alternating  drive  signal  is  applied, 

the  third  magnet  being  fixedly  coupled  to 
a  moveable  portion  of  the  second  reciprocal 
support  means,  and 

the  fourth  magnet  being  fixedly  mounted 
on  the  stationary  support  in  a  position  in 
close  proximity  to  the  third  magnet,  such  that 
application  of  the  second  alternating  drive 
signal  to  the  second  electromagnet  produces 
a  magnetic  field  which  acts  on  the  second 
permanent  magnet  to  produce  reciprocal 
movement  of  the  component  in  the  second 
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direction. 
27.  An  optical  scanning  system 
wherein  the  second  reciprocal  support  com- 
prises  means  for  flexing  about  an  axis,  and  the 
first  magnet  is  positioned  close  to  said  axis  such  5 
that  stray  magnetic  fields  acting  on  said  first 
magnet  will  not  produce  any  motion  of  the  com- 
ponent  in  the  second  direction. 
28.  An  optical  scanning  system 
wherein  the  second  reciprocal  support  means  10 
comprises  a  pair  of  leaf  springs,  each  leaf 
spring  having  one  end  fixedly  attached  to  the 
stationary  support  and  a  second  end  which  is 
free  to  move  during  flexing  of  the  leaf  springs, 
said  first  support  means  being  connected  be-  is 
tween  second  ends  of  the  pair  of  leaf  springs. 
29.  A  method  of  reading  optically  encoded  indi- 
cia  having  portions  of  differing  light  reflectivity, 
said  method  comprising  the  steps  of: 

generating  a  beam  of  light;  20 
producing  reciprocal  motion  of  said  beam  of 

light  across  a  surface  on  which  said  indicia 
appears  in  a  first  direction  at  a  first  frequency; 

simultaneously  with  production  of  motion  of 
said  beam  of  light  in  the  first  direction,  produc-  25 
ing  reciprocal  motion  of  said  beam  of  light 
across  the  surface  in  a  second  direction  at  a 
second  frequency,  said  first  and  second  direc- 
tions  being  substantially  orthogonal  to  each  oth- 
er,  and  said  first  frequency  being  slightly  larger  30 
than  but  not  an  exact  multiple  of  said  second 
frequency  such  that  the  beam  of  light  imple- 
ments  a  zig-zag  scanning  pattern  which  pro- 
gresses  across  the  surface; 

detecting  light  reflected  back  from  the  sur-  35 
face  to  produce  electrical  signals  corresponding 
to  the  differing  light  reflectivity  of  the  optically 
encoded  indicia  as  the  zig-zag  scanning  pattern 
progresses  across  the  surface; 

decoding  information  represented  by  the  dif-  40 
fering  light  reflectivity  of  said  optically  encoded 
indicia  when  a  portion  of  the  Zig-zag  scanning 
pattern  crosses  a  truncated  portion  of  said  indi- 
cia  which  is  free  of  defects;  and 

in  response  to  the  decoding  of  the  informa-  45 
tion,  terminating  the  generating  of  the  beam. 
30.  A  method  ,  wherein  the  ratio  of  said  first 
frequency  with  respect  to  said  second  frequency 
is  greater  than  1  .5  and  less  than  2.0. 
31.  A  method  wherein  the  ratio  of  said  first  so 
frequency  with  respect  to  said  second  frequency 
is  approximately  1.75:1. 
32.  A  method  ,  wherein  said  indicia  is  a  bar 
code. 
33.  A  system  comprising:  55 

a  pen  shaped  housing  having  a  tapered  tip 
at  one  end,  an  enlarged  section  at  an  end  op- 
posite  the  tapered  tip  and  an  elongated  body 

between  the  ends; 
emitting  and  optics  means,  located  in  the 

enlarged  section  of  the  pen  shaped  housing,  for 
emitting  a  beam  of  light  and  directing  the  beam 
of  light  along  a  light  path  extending  along  an 
outer  surface  of  the  body  of  the  pen  shaped 
housing  toward  a  target  surface  on  which  opti- 
cally  encoded  indicia  appears; 

a  writing  instrument  mounted  in  the  tapered 
tip  of  the  pen  shaped  housing; 

a  detector,  mounted  in  the  pen  shaped 
housing  adjacent  to  the  tapered  tip,  for  sensing 
light  reflected  from  the  optically  encoded  indicia 
and  producing  an  electrical  signal  representative 
of  variations  of  light  reflectivity  of  the  optically 
encoded  indicia;  and 

a  manually  actuable  switch  for  activating  the 
emitting  and  optics  means  to  initiate  reading  of 
the  optically  encoded  indicia,  wherein  the  switch 
is  mounted  on  a  side  surface  of  the  body  of  the 
pen  out  of  said  light  path  at  a  point  near  the 
tapered  tip,  such  that  the  switch  is  actuable  by 
thumb  or  fore  finger  of  an  operator  without  ob- 
structing  the  light  path. 
34.  A  system  ,  wherein  the  writing  instrument 
comprises  electronic  stylus  means  for  providing 
a  positional  data  input  to  a  digitizer  tablet  upon 
contact  of  a  tip  of  the  pen  shaped  housing  to  a 
surface  of  the  digitizer  tablet. 
35.  A  system  ,  wherein  the  emitting  and  optics 
means  comprises: 

an  optical  component  for  directing  the  beam 
of  light  along  the  light  path; 

support  means  for  mounting  the  optical 
component  for  oscillating  movement;  and 

drive  means  for  producing  a  reciprocal  mo- 
tion  of  the  optical  component  on  said  support 
means  such  that  the  beam  of  light  scans  across 
the  target  surface. 
36.  A  system  ,  wherein  the  means  for  producing 
a  reciprocal  motion  of  the  optical  means  com- 
prises  a  magnet  and  a  drive  means  for  produc- 
ing  an  oscillating  force  on  the  magnet,  and  said 
support  means  comprises: 

a  member  having  a  first  end  to  which  said 
optical  component  is  attached  and  a  second  end 
opposite  said  first  end  to  which  the  magnet  is 
attached,  the  optical  component,  the  member 
and  the  magnet  being  dimensioned  such  that 
the  weight  of  said  magnet  balances  the  weight 
of  the  optical  means  with  respect  to  an  axis 
approximately  half  way  between  the  mirror  and 
the  magnet; 

a  flexible  planar  spring  having  a  free  end 
fixedly  coupled  to  one  of  the  ends  of  the  mem- 
ber,  said  flexible  planar  spring  being  longer  than 
the  distance  between  one  end  of  the  member 
and  the  axis  but  shorter  than  the  distance  be- 
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tween  the  ends  of  the  member  such  that  the 
planar  flexible  spring  flexes  about  the  axis. 
37.  A  system  ,  wherein  the  flexible  planar  spring 
comprises  of  a  pair  of  flexible  strips. 
38.  A  system  ,  wherein  the  flexible  strips  each 
consist  of  a  sheet  formed  of  a  flexible  plastic 
material,  such  as  Mylar™  or  Kapton™. 
39.  A  system  ,  further  comprising  an  ambient 
light  blocking  optical  filter  mounted  in  an  open- 
ing  through  the  pen  shaped  housing  at  a  point  in 
or  near  the  tapered  tip,  the  filter  allowing  re- 
flected  portions  of  the  beam  of  light  to  enter  the 
pen  shaped  housing  and  impact  on  the  detector. 
40.  An  optical  scanning  system  for  reading  opti- 
cally  encoded  indicia  having  portions  of  differing 
light  reflectivity,  said  system  comprising: 

emitting  means  for  emitting  a  beam  of  light, 
said  emitting  means  including  a  component  for 
directing  the  beam  of  light  toward  a  target  sur- 
face  on  which  the  optically  encoded  indicia  ap- 
pears; 

a  member  having  a  first  end  to  which  said 
component  is  attached  and  a  second  end  op- 
posite  said  first  end; 

a  magnet  attached  to  the  second  end  of  the 
member,  wherein  the  component,  the  member 
and  the  magnet  are  dimensioned  such  that  the 
weight  of  said  magnet  balances  the  weight  of 
the  component  with  respect  to  an  axis  approxi- 
mately  half  way  between  the  component  and  the 
magnet; 

reciprocal  support  means  for  mounting  the 
member  for  rotational  oscillation  thereof  about 
the  axis; 

drive  means  for  producing  an  oscillating 
force  on  the  magnet  such  that  the  member 
oscillates  about  the  axis  and  the  component 
reciprocates  through  an  arc  about  the  axis, 
thereby  causing  the  beam  of  light  to  scan 
across  the  target  surface; 

means  for  receiving  light  reflected  back 
from  the  target  surface  and  producing  electrical 
signals  corresponding  to  the  differing  light  re- 
flectivity  of  the  optically  encoded  indicia. 
41.  A  system  ,  wherein  the  reciprocal  support 
means  comprises  a  flexible  planar  spring  having 
a  fixed  end  and  a  moveable  end  fixedly  coupled 
to  one  of  the  ends  of  the  member,  said  flexible 
planar  spring  being  longer  than  the  distance 
between  one  end  of  the  member  and  the  axis 
but  shorter  than  the  distance  between  the  first 
and  second  ends  of  the  member. 
42.  A  system  ,  wherein  the  planar  spring  com- 
prises  of  a  pair  of  flexible  strips. 
43.  A  system  ,  wherein  the  flexible  strips  each 
consist  of  a  sheet  formed  of  a  flexible  plastic 
material,  such  as  Mylar™  or  Kapton™. 

44.  A  system  ,  wherein: 
the  member  is  U-shaped  and  comprises  a 

first  arm  to  which  the  component  is  attached,  a 
second  arm  to  which  the  magnet  is  attached 

5  and  a  substantially  straight  section  extending 
between  and  connecting  the  first  and  second 
arms,  said  first  and  second  arms  being  substan- 
tially  parallel  to  each  other,  and 

the  flexible  planar  spring  extends  in  a  direc- 
io  tion  substantially  parallel  the  substantially 

straight  section  of  the  member  when  the  flexible 
planar  spring  is  in  its  rest  state. 
45.  A  system  ,  wherein: 

the  member  is  straight  and  extends  directly 
is  between  the  magnet  and  the  component,  and 

the  flexible  planar  spring  extends  in  a  direc- 
tion  substantially  parallel  the  straight  member 
when  the  flexible  planar  spring  is  in  its  rest 
state. 

20  46.  A  system  ,  wherein: 
the  drive  means  comprises  a  stationary  sec- 

ond  magnet  concentric  about  but  spaced  from 
the  straight  member  at  a  position  intermediate 
the  component  and  the  magnet  attached  to  the 

25  second  end  of  the  member, 
one  of  the  magnets  is  a  permanent  magnet, 

and 
one  of  the  magnets  is  an  electromagnet  to 

which  an  alternating  drive  signal  is  applied  to 
30  produce  a  magnetic  field  which  acts  on  the 

permanent  magnet  to  cause  reciprocal  move- 
ment  of  the  member. 
47.  A  system  wherein: 

the  drive  means  comprises  a  stationary 
35  magnet  mounted  at  a  fixed  position  in  proximity 

to  the  magnet  attached  to  the  second  end  of  the 
member, 

one  of  the  magnets  is  a  permanent  magnet, 
and 

40  one  of  the  magnets  is  an  electromagnet  to 
which  an  alternating  drive  signal  is  applied  to 
produce  a  magnetic  field  which  acts  on  the 
permanent  magnet  to  cause  reciprocal  move- 
ment  of  the  member. 

45  48.  A  system  ,  wherein: 
the  rotational  oscillation  of  the  member 

about  said  axis  produces  reciprocal  motion  of 
said  component  is  in  a  first  direction, 

said  system  further  comprises  second  recip- 
50  rocal  support  means  for  movably  mounting  the 

member  so  as  to  produce  reciprocal  motion  of 
the  component  in  a  second  direction  substan- 
tially  orthogonal  to  the  first  direction  such  that 
said  beam  of  light  implements  a  bi-directional 

55  scanning  pattern  across  the  surface  on  which 
the  indicia  appears. 
49.  A  system  ,  wherein  said  drive  means  pro- 
duces  an  oscillating  force  on  the  magnet  such 
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that  the  member  simultaneously  reciprocates  in 
the  first  direction  at  a  first  frequency  and  the 
component  reciprocates  in  the  second  direction 
at  a  second  frequency  different  from  said  first 
frequency. 
50.  A  system  ,  wherein: 

the  drive  means  comprises  a  stationary 
magnet  mounted  at  a  fixed  position  in  proximity 
to  the  magnet  attached  to  the  second  end  of  the 
member, 

one  of  the  magnets  is  a  permanent  magnet, 
one  of  the  magnets  is  an  electromagnet  to 

which  an  alternating  drive  signal  is  applied  to 
produce  a  magnetic  field  which  acts  on  the 
permanent  magnet  to  cause  reciprocal  move- 
ment  of  the  member, 

the  reciprocal  support  means  is  configured 
to  vibrate  at  a  high  range  of  frequencies  and 
said  second  reciprocal  support  means  is  config- 
ured  to  vibrate  at  low  range  of  frequencies,  and 

the  drive  signal  applied  to  the  electromagnet 
comprises  a  superposition  of  a  first  signal  com- 
ponent  having  a  frequency  within  said  high 
range  of  frequencies  and  a  second  signal  com- 
ponent  having  a  frequency  within  said  low  range 
of  frequencies. 
51.  A  system  ,  wherein: 

the  reciprocal  support  means  for  mounting 
the  member  for  rotational  oscillation  thereof 
about  said  axis  comprises  a  first  flexible  planar 
spring  having  a  first  end  and  a  moveable  end 
fixedly  coupled  to  one  of  the  ends  of  the  mem- 
ber,  the  first  flexible  planar  spring  being  longer 
than  the  distance  between  one  end  of  the  mem- 
ber  and  the  axis  but  shorter  than  the  distance 
between  the  first  and  second  ends  of  the  mem- 
ber;  and 

the  second  reciprocal  support  means  com- 
prises  a  second  flexible  planar  spring  having  a 
fixed  end  and  a  moveable  end  fixedly  coupled 
to  the  first  end  of  the  first  flexible  planar  spring. 
52.  A  system  ,  wherein  each  flexible  planar 
spring  comprises  of  a  pair  of  flexible  strips. 
53.  A  module  ,  wherein  the  flexible  strips  each 
consist  of  a  sheet  formed  of  a  flexible  plastic 
material,  such  as  Mylar™  or  Kapton™. 

Claims 

1.  An  optical  scanning  module  (400)  for  reading 
optically  encoded  indicia  having  portions  of 
differing  light  reflectivity,  the  module  (400) 
comprising:  a  base  (410);  an  emitter  (600'), 
fixedly  mounted  on  the  base,  for  emitting  a 
beam  of  light;  optical  means  (359)  for  directing 
the  beam  of  light  towards  the  optically  en- 
coded  indicia;  support  means  (300),  attached 
to  the  base,  for  mounting  the  optical  means  for 

oscillating  movement;  means  (321  ,323)  for  pro- 
ducing  a  reciprocal  motion  of  the  optical 
means  on  the  support  means  such  that  the 
beam  of  light  scans  across  the  surface  on 

5  which  the  indicia  appears;  detector  means 
(358)  for  receiving  light  reflected  back  from  the 
surface  and  producing  electrical  signals  cor- 
responding  to  the  differing  light  reflectivity  of 
the  optically  encoded  indicia;  a  first  circuit 

io  board  (416)  mounted  orthagonal  to  the  base  at 
one  end  of  the  base;  first  circuit  means  moun- 
ted  on  the  first  circuit  board;  a  second  circuit 
board  (418)  mounted  orthogonal  to  the  first 
circuit  board  and  parallel  to  the  base;  second 

is  circuit  means  mounted  on  the  second  circuit 
board;  and  electrical  connection  means  (417) 
connecting  the  first  and  second  circuit  means 
to  each  other,  wherein  said  first  and  second 
circuit  means  operate  together  to  produce  sig- 

20  nals  to  drive  the  emitter,  to  produce  signals  to 
drive  the  means  for  producing  a  reciprocal 
motion  and  to  process  the  electrical  signals 
produced  by  the  detector  means. 

25  2.  An  optical  scanning  system  for  reading  indicia 
having  portions  of  differing  light  reflectivity,  the 
system  comprising;  a  stationary  support  (11); 
emitting  means  (600)  for  emitting  a  beam  of 
light;  optics  means  (5)  for  optically  directing 

30  the  beam  of  light  towards  the  optically  en- 
coded  indicia;  first  reciprocal  support  means 
(2)  for  mounting  the  optics  means  for  oscillat- 
ing  movement  in  a  first  direction;  second  recip- 
rocal  support  means  (1),  attached  to  the  sta- 

35  tionary  support,  for  mounting  the  first  support 
means  (2)  for  oscillating  movement  in  a  sec- 
ond  direction,  the  second  direction  being  sub- 
stantially  orthogonal  to  the  first  direction;  drive 
means  (25,28)  for  simultaneously  producing  re- 

40  ciprocal  motion  of  the  optics  means  in  the  first 
direction  at  a  first  oscillating  frequency,  and  in 
the  second  direction  at  a  second  oscillating 
frequency,  such  that  the  beam  of  light  imple- 
ments  a  Zig-zag  scanning  pattern  which  pro- 

45  gresses  across  a  surface  on  which  the  opti- 
cally  encoded  indicia  appears;  and  means  for 
receiving  light  reflected  back  from  the  surface 
and  producing  electrical  signals  corresponding 
to  the  differing  light  reflectivity  of  the  optically 

50  coded  indicia. 

3.  An  optical  scanning  system  as  claimed  in 
Claim  2  in  which  the  first  oscillating  frequency 
is  larger  than  but  is  not  an  exact  multiple  of  the 

55  second  oscillating  frequency. 

4.  A  method  of  reading  optically  encoded  indicia 
having  portions  of  differing  light  reflectivity,  the 
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method  comprising:  generating  a  beam  of 
light;  producing  reciprocal  motion  of  the  beam 
of  light  across  a  surface  on  which  the  indicia 
appears  in  a  first  direction  at  a  first  frequency; 
simultaneously  producing  reciprocal  motion  of  5 
the  beam  of  light  across  the  surface  in  a 
second  direction  at  a  second  frequency,  the 
first  and  second  directions  being  substantially 
orthogonal  to  each  other  and  the  first  frequen- 
cy  being  larger  than  but  not  an  exact  multiple  10 
of  the  second  frequency  such  that  the  beam  of 
light  implements  a  zig-zag  scanning  pattern 
which  progresses  across  the  surface;  detecting 
light  reflected  back  from  the  surface  to  pro- 
duce  electrical  signals  corresponding  to  the  is 
differing  light  reflectivity  of  the  optically  en- 
coded  indicia  as  the  zig-zag  scanning  pattern 
progresses  across  the  surface;  decoding  in- 
formation  represented  by  the  differing  light  re- 
flectivity  of  the  optically  encoded  indicia  when  20 
a  portion  of  the  zig-zag  scanning  pattern 
crosses  a  portion  of  the  indicia  which  is  free 
from  defects. 

A  method  as  claimed  in  Claim  4  including  the  25 
step  of  terminating  the  generation  of  the  beam 
once  the  said  information  has  been  acceptably 
decoded. 

An  optical  scanner  comprising:  a  pen-shaped  30 
housing  having  an  elongate  body  (751)  with  a 
tip  (752)  at  one  end,  and  an  enlarged  portion  at 
the  opposite  end;  emitting  and  optics  means 
(400'),  located  in  the  enlarged  portion  of  the 
housing,  for  emitting  a  beam  of  light  and  di-  35 
recting  the  beam  of  light  along  a  light  path 
extending  along  an  outer  surface  of  the  body 
of  the  housing  toward  a  target  surface  on 
which  optically  encoded  indicia  appears;  and  a 
detector  (758),  mounted  in  the  housing,  for  40 
sensing  light  reflected  from  the  optically  en- 
coded  indicia  and  producing  an  electrical  sig- 
nal  representative  of  the  variations  of  light  re- 
flectivity  of  the  optically  encoded  indicia. 

45 
An  optical  scanner  as  claimed  in  Claim  6  in- 
cluding  a  manually  actuable  switch  (754)  for 
activating  the  emitting  and  optics  means  (400') 
to  initiate  reading  of  the  optically  encoded  indi- 
cia,  the  switch  being  mounted  on  a  side  sur-  so 
face  of  the  housing  (751)  out  of  the  said  light 
path,  such  that  the  switch  (754)  is  actuable  by 
the  thumb  or  finger  of  an  operator  without 
obstructing  the  light  path. 

55 
An  optical  scanner  as  claimed  in  Claim  6  or 
Claim  7  including  a  writing  instrument  mounted 
in  the  tip  (752)  of  the  housing  (751). 

9.  An  optical  scanning  system  for  reading  opti- 
cally  encoded  indicia  having  portions  of  differ- 
ing  light  reflectivity,  the  system  comprising: 
emitting  means  (600  for  emitting  a  beam  of 
light;  optics  means  (159)  for  directing  the 
beam  of  light  towards  a  target  surface  on 
which  the  optically  encoded  indicia  appears;  a 
support  member  (103)  having  a  first  end  to 
which  the  optics  means  (159)  is  attached  and  a 
second  end  to  which  a  magnet  (109)  is  at- 
tached;  reciprocal  support  means  (121,123), 
supporting  the  support  member  for  rotational 
oscillation  about  an  axis  which  passes  between 
the  optics  means  (159)  and  the  magnet  (109); 
drive  means  (133)  for  producing  an  oscillating 
force  on  the  magnet  (109)  such  that  the  sup- 
port  member  oscillates  about  the  axis  causing 
the  optics  means  (159)  to  reciprocate  through 
an  arc  about  the  axis,  thereby  causing  the 
beam  of  light  to  scan  across  the  target  surface; 
and  means  (158)  for  receiving  light  reflected 
back  from  the  target  surface  and  for  producing 
electrical  signals  corresponding  to  the  differing 
light  reflectivity  of  the  optically  encoded  indi- 
cia, 

in  which  preferably 
the  said  rotational  axis  is  approximately 

halfway  between  the  optics  means  (159)  and 
the  magnet  (109). 

10.  A  scanning  module  for  reading  encoded  indicia 
having  portion  of  differing  reflectivity,  said 
module  comprising: 

a  base; 
an  emitter  for  emitting  a  beam  of  light; 
means  for  directing  the  beam  toward  the 

encoded  indicia;  preferably  support  means  for 
mounting  the  directing  means  for  oscillating 
movement; 

preferably  means  for  producing  a  recipro- 
cal  motion  of  the  directing  means  on  said 
support  means  such  that  the  beam  scans 
across  a  surface  on  which  said  indicia  appears; 

detector  means  for  producing  electrical 
signals  corresponding  to  the  differing  reflectiv- 
ity  of  the  optically  encoded  indicia; 

a  first  circuit  means  perferably  on  a  board 
mounted  preferably  orthogonal  to  said  base, 
preferably  at  one  end  of  said  base; 

a  second  circuit  means  preferbly  on  a 
board  mounted  preferably  orthogonal  to  said 
first  circuit  and  preferably  parallel  to  said  base; 
and 

preferably  a  means  for  connecting  said 
first  and  second  circuit  means  to  each  other. 
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