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@)  CRT  scan  system  using  a  lookup  table. 
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(57)  Fast  scan  and  slow-scan  deflection  circuits 
are  provided  for  a  cathode  ray  tube  for  use  in  a 
printer  application.  The  CRT  is  operated  in  the 
raster  scan  mode  and  uses  a  precision  elec- 
tromagnetic  deflection  yoke.  The  geometric  dis- 
tortion  requirement  of  a  very  stringent 
maximum  of  1%  is  accomplished  by  using 
lookup  tables  with  electrically  programmable 
memories  that  are  used  to  provide  the  precise 
scan  voltage  for  any  location  on  the  CRT. 
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BACKGROUND  OF  THE  INVENTION 

When  used  to  generate  photographic  quality  im- 
ages,  cathode  ray  tube  scan  systems  traditionally 
have  problems  producing  good  scan  linearities.  As  a  5 
result,  the  resulting  photographs  are  distorted  in  that 
elements  at  the  edges  of  the  scanned  images  are 
larger  than  identical  elements  at  the  center  of  the  im- 
age.  It  is  known  that  such  distortions  are  more  noti- 
cable,  and  thus  more  objectionable,  in  hard  copy  im-  10 
ages,  e.g.  still  photographs,  than  they  are  in  moving 
images  such  as  television  images. 

Prior  CRT  scan  systems  use  a  flyback  scan  cir- 
cuit  in  which  the  horizontal  deflection  current  is 
switched  near  the  middle  of  the  image  from  flowing  15 
through  the  damper  diode  to  flowing  through  the  out- 
put  transistor.  This  gives  rise  to  an  abrupt  geometric 
linearity  distortion  that  is  difficult  to  correct  and  that 
is  in  the  most  noticeable,central  part  of  the  picture.  As 
an  example,  geometric  linearity  distortion  on  home  20 
television  receivers  is  typically  in  the  range  of  5%  to 
10%.  In  photographic  printing  applications,  the  raster 
image  linearity  requirement  is  that  distortion  be  limit- 
ed  to  a  maximum  of  1%. 

25 
SUMMARY  OF  THE  INVENTION 

This  invention  is  a  very  linear  cathode  ray  tube 
deflection  circuit  that  uses  linearity  correcting  lookup 
tables  and  linear  deflection  amplifier  designs  to  ach-  30 
ieve  the  1%  geometric  distortion  requirement. 

This  system  also  produces  extremely  accurate 
fast  and  slow  scan  rates  by  deriving  them  from  a  crys- 
tal  controlled  oscillator. 

According  to  one  aspect  of  the  present  invention  35 
a  method  of  generating  an  accurate  linear  scan  in  a 
cathode  ray  tube  is  provided  which  comprises  the 
steps  of:  addressing  a  horizontal  lookup  table  to  gen- 
erate  a  predetermined  digital  scan  waveform  output, 
applying  the  scan  waveform  output  to  a  horizontal  40 
winding  of  the  cathode  ray  tube  deflection  yoke,  and 
resetting  the  lookup  table. 

According  to  another  aspect  of  the  present  inven- 
tion,  a  method  of  generating  an  accurate  linear  scan 
in  a  cathode  ray  tube  is  provided  comprising  the  steps  45 
of:  generating  a  high  frequency  clock  signal  and  pass- 
ing  the  signal  through  a  counter  to  produce  a  fast  hor- 
izontal  scan  frequency  signal.  A  sync  signal  is  provid- 
ed  to  reset  the  counter  and  to  reset  a  horizontal  look- 
up  table  to  set  the  table  to  the  start  of  horizontal  scan.  50 
The  horizontal  sync  signal  is  changed  to  initiate  the 
horizontal  scan  and  the  counter  output  is  addressed 
to  the  horizontal  lookup  table  to  clock  out  a  predeter- 
mined  digital  scan  waveform.  The  digital  scan  wave- 
form  is  converted  to  an  analog  signal  which  is  applied  55 
to  a  horizontal  winding  of  the  cathode  ray  tube  deflec- 
tion  yoke  whereby  the  predetermined  waveform  is 
provided  by  said  horizontal  lookup  table.  The  horizon- 

tal  sync  signal  is  then  changed  to  reset  the  counter 
and  the  lookup  table. 

According  to  a  further  aspect  of  the  present  in- 
vention,  apparatus  is  provided  for  generating  an  ac- 
curate  linear  scan  in  a  cathode  ray  tube  comprising  a 
high  frequency  clock,  a  counter,  a  lookup  table  and 
amplifiers.  Means  is  provided  for  passing  the  clock 
signal  through  the  counter  to  produce  a  fast  horizon- 
tal  scan  frequency  signal.  Means  for  generating  a 
sync  signal  is  provided  to  reset  the  counter  and  to  re- 
set  the  horizontal  lookup  table  to  set  the  table  to  the 
start  of  horizontal  scan.  The  horizontal  sync  signal  is 
changed  to  initiate  the  horizontal  scan  and  the  coun- 
ter  output  is  addressed  to  the  horizontal  lookup  table 
to  clock  out  a  predetermined  digital  scan  waveform. 
Means  is  provided  to  convert  the  digital  scan  wave- 
form  to  an  analog  signal  and  for  applying  it  to  a  hori- 
zontal  winding  of  the  cathode  ray  tube  deflection 
yoke  whereby  the  predetermined  waveform  is  provid- 
ed  to  the  CRT  by  the  horizontal  lookup  table. 

According  to  yet  another  aspect  of  the  present  in- 
vention,  apparatus  is  provided  for  generating  an  ac- 
curate  linear  scan  in  a  cathode  ray  tube  comprising  a 
high  frequency  clock,  a  horizontal  counter,  a  vertical 
counter,  a  horizontal  lookup  table,  a  vertical  lookup  ta- 
ble,  and  amplifiers.  Means  is  provided  for  passing  the 
clock  signal  through  the  horizontal  and  the  vertical 
counters  to  produce  a  fast  horizontal  scan  frequency 
signal  and  a  vertical  scan  frequency  signal.  Means  is 
provided  for  generating  a  sync  signal  to  reset  the 
counters  and  to  reset  the  lookup  tables  to  set  the  ta- 
bles  to  the  start  of  scan.  The  sync  signal  is  changed 
to  initiate  the  scan,  and  the  counter  outputs  are  ad- 
dressed  to  the  lookup  tables  to  clock  out  predeter- 
mined  digital  horizontal  and  vertical  scan  waveforms. 
Means  are  provided  to  convert  the  digital  scan  wave- 
forms  toanalog  signals  and  for  applying  them  respec- 
tively  to  a  horizontal  winding  of  the  cathode  ray  tube 
deflection  yoke  and  to  a  vertical  winding  of  the  cath- 
ode  ray  tube  deflection  yoke  whereby  the  predeter- 
mined  waveforms  are  provided  to  the  CRT  by  the 
lookup  tables. 

The  invention  will  be  better  understood  from  the 
following  more  detailed  description  taken  with  the  ac- 
companying  drawings  and  claims. 

Brief  Description  of  the  Drawings 

FIG.  1  is  a  block  diagram  of  a  scanning  and  focus- 
ing  system  for  a  CRT  printer  according  to  the 
present  invention; 
FIG.  2  is  a  schematic  diagram  of  a  horizontal 
scanning  circuit  of  the  present  invention; 
FIG.  3  is  graphic  illustration  of  the  horizontal  scan 
voltage  waveform  provided  by  the  present  inven- 
tion;  and 
FIG.  4  is  a  schematic  diagram  of  a  vertical  scan- 
ning  circuit  of  the  present  invention. 
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DETAILED  DESCRIPTION  OF  A  PREFERRED 
EMBODIMENT 

Referring  to  Fig.  1  ,  a  blockdiagram  of  the  present 
invention  is  shown,  and  includes  a  high  frequency  5 
clock  12,  operating  at  a  frequency  of,  for  example,  28 
MHZ,  which  outputs  to  a  horizontal  12-bit  counter  14 
that  counts  through  a  4096  count  cycle  and  then 
starts  over.  This  12-bit  counter,  therefore,  divides  the 
28  MHZ  clock  signal  by  4096  to  produce  a  fast  scan  10 
free  run  cycle  frequency  of  6.836  KHZ.  The  counter 
14  output  addresses  a  horizontal  lookup  table  16  and 
clocks  out  a  digital  scan  waveform  stored  therein.  The 
horizontal  lookup  table  requires  a  size  of  4096  x  12 
addresses  and  can  use  conventional  devices,  exam-  15 
pies  of  which  are  illustrated  in  the  schematic  shown 
in  Fig.  2,  each  of  which  have  a  4096  x  8  architecture. 
Therefore,  two  electrically  programmable  memory 
devices,  orEPROMS,  16  are  needed;  the  entire  4096 
x  8  memory  of  one,  and  4096  x  4  memory  of  t  he  ot  her.  20 
The  lookup  tables  have  4096  time  steps  per  scan  cy- 
cle  as  well  as  4096  different  scan  current  levels  pro- 
grammed  into  them.  Therefore,  these  circuits  pro- 
duce  virtually  analog  horizontal  deflection  currents. 

A  low  (for  example,  zero  in  the  specific  system  il-  25 
lustrated)  horizontal  sync  signal  is  provided  to  the 
horizontal  scan  circuit  to  reset  the  12-bit  horizontal 
counter  14  before  a  count  of  4096  is  reached.  As  the 
counter  is  reset  to  a  zero  count  the  horizontal  look-up- 
table  is  reset  to  the  starting  current  level  for  a  horizon-  30 
tal  scan.  The  length  of  time  that  the  horizontal  sync 
signal  is  held  low  determines  the  time  allocated  for 
horizontal  retrace.  (See  FIG.  3).  When  the  horizontal 
sync  signal  goes  from  low  to  high  (e.g.  +5v.)  a  hori- 
zontal  scan  begins.  The  output  signal  from  the  hori-  35 
zontal  lookup  table  16  goes  to  a  digital-to-analog  con- 
verter  18  (such  as  an  AD568J  digital-to-analog  con- 
verter)  to  be  returned  to  the  analog  domain.  The  cur- 
rent  output  from  the  converter  18  is  fed  to  a  current 
to  voltage  converter  20,  such  as  an  LF41  1  CN,  which  40 
produces  a  voltage  signal  output.  The  voltage  output 
is  then  fed  to  one  half  of  a  dual  operational  amplifier 
22,  such  as  a  LF412CN,  which  is  used  in  conjunction 
with  two  potentiometers,  24  and  26,  to  adjust  both  the 
amplitude  and  the  DC  operating  point  of  the  scan  vol-  45 
tage  waveform.  The  horizontal  amplitude  control 
works  in  such  a  way  that  the  beginning  edge  of  hori- 
zontal  scan  does  not  change  with  amplitude  control 
adjustment.  This  feature  enables  non  interactive  pro- 
duction  set-up  of  the  amplitude  and  centering  con-  50 
trols.  (The  vertical  scan  has  this  same  feature.)  The 
output  from  this  section  of  the  LF412CN  is  applied  to 
the  noninverting  input  of,  for  example,  an  LM12CLK 
power  operational  amplifier  28,  which  in  turn  drives 
the  horizontal  winding  30  of  the  CRT  deflection  yoke.  55 
The  horizontal  deflection  yoke  current  is  directly  pro- 
portional  to  the  voltage  applied  to  the  noninverting  in- 
put  of  the  power  operational  amplifier  28  except  dur- 

ing  retrace.  Therefore,  precise  control  of  the  horizon- 
tal  scan  profile  can  be  achieved  by  shaping  the  hori- 
zontal  scan  waveform  in  the  horizontal  lookup  table. 

The  high  frequency  clock  signal  components  of 
the  horizontal  scan  signal  are  suppressed  by  two  sin- 
gle  pole  low-pass  filters  that  each  have  a  corner  fre- 
quency  of  approximately  160  KHZ.  This  provides  a  12 
dB  per  octave  roll-off  in  amplitude  for  signal  compo- 
nents  above  160  KHZ.  The  output  amplifier  28  also 
rolls  off  signals  above  100  KHZ.  Because  the  funda- 
mental  horizontal  scan  frequency  is  6.836  KHZ,  the 
above-mentioned  roll-offs  do  not  significantly  affect 
the  shape  of  the  scan  waveform. 

Referring  now  to  FIG.  4  for  the  vertical  scan  cir- 
cuit,  the  output  from  the  high  frequency  clock  12  also 
goes  to  an  11  bit  divider  36  that  is  switch  settable  to 
divide  the  signal  by  a  number  which  is  equal  to  the  to- 
tal  number  of  horizontal  lines  in  a  complete  vertical 
scan  cycle.  In  the  preferred  embodiment,  1024  active 
horizontal  scan  lines  are  employed  for  each  vertical 
scan  plus  a  period  of  time  equal  to  10  horizontal  scan 
lines  for  vertical  retrace.  The  11  bit  divider  is  thus  set 
to  further  divide  the  high  frequency  signal  by  1034. 
This  produces  a  slow  scan  vertical  frequency  of  6.611 
HZ.  The  remainder  of  the  vertical  scan  circuit  is  sim- 
ilar  to  the  horizontal  scan  circuit  and  are  given  the 
same  reference  numbers  as  those  used  for  the  simi- 
lar  components  in  the  horizontal  scan  circuit  with  the 
prefix  "1  ".  The  vertical  lookup  table,  however,  is  a  sin- 
gle  16K  x  16,  such  as  a  27C202  EPROM  integrated 
circuit,  and  the  corner  frequency  for  the  low-pass  fil- 
ters  is  approximately  1.3  kilohertz  instead  of  160 
KHZ.  Another  difference  between  the  horizontal  and 
vertical  scan  circuits  is  that  the  vertical  power  opera- 
tional  amplifier  128  (LM675T)  requires  +15V.  and  - 
15V  instead  of  the  +24V  required  for  the  horizontal 
output.  The  +24  V  is  needed  in  the  horizontal  scan  cir- 
cuit  to  speed  up  the  horizontal  retrace  by  providing 
more  retrace  voltage  to  reverse  the  yoke  current 
more  quickly. 

Ideal  focus  voltage  for  the  focus  element  of  a  flat 
face  electrostatic  focus  cathode  ray  tube  is  different 
atdifferent  positions  in  the  raster.  Adynamic  focus  cir- 
cuit  is  provided  which  interfaces  with  the  cathode  ray 
tube  scan  system  described  above.  This  focus  circuit 
uses  the  horizontal  and  vertical  scan  counter  outputs 
as  input  signals.  These  signals  are  taken  from  the  out- 
puts  of  the  counters  14  and  114.  These  input  signals 
are  passed  through  digital  to  analog  converters,  37 
and  137,  and  the  outputs  therefrom  are  delivered  to 
level  shifter  circuits  38  and  138  to  change  the  ramp 
voltage  excursions  from  0V./-10V.  to  -5  V./+5  V.  with 
0  V.  indicating  the  middle  of  horizontal  and  vertical 
scan.  The  outputs  of  the  level  shifter  circuits  are  in- 
putted  into  absolute  value  amplifiers  40  and  140  that 
produce  the  same  positive  output  voltage  when  the 
input  signal  is  positive  or  negative  an  equal  voltage 
value.  The  outputs  of  the  absolute  value  amplifiers 
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are  fed  to  squaring  circuits  42  and  142  that  produce 
horizontal  and  vertical  parabolic  current  signals  that 
are  then  summed  at  the  current  summing  circuit  144. 
The  output  of  the  summing  circuit  is  a  parabolic  hori- 
zontal  and  vertical  voltage  signal  that  is  sent  to  the 
dynamic  focus  input  of  a  dynamic  focus  high  voltage 
power  supply  146  that  drives  the  focus  electrode  148 
of  the  cathode  ray  tube. 

Flat  face  electrostatic  focus  cathode  ray  tubes  re- 
quire  different  focus  voltages  at  different  distances 
from  the  center  of  the  tube  face.  Adynamic  focus  cor- 
rection  voltage  signal  is  thus  beam  position  on  the 
cathode  ray  tube  face  which  allows  the  proper  correc- 
tion  voltages  to  be  produced  at  each  position  on  the 
cathode  ray  tube  face.  The  present  dynamic  focus 
correction  circuit  is  significantly  less  expensive  than 
the  analog  correction  integrated  circuit  design  previ- 
ously  used. 

With  the  use  of  the  divider  between  the  high  fre- 
quency  clock  and  the  vertical  counter,  the  ratio  of  the 
horizontal  scan  rate  to  the  vertical  scan  rate  is  estab- 
lished.  That  ratio  remains  constant  regardless  of  the 
frequency  of  the  high  frequency  clock.  Thus,  the  over- 
all  speed  of  the  system  may  be  varied,  i.e.  to  increase 
the  speed  to  enhance  the  productivity,  or  to  match 
the  data  rate  of  the  input  data,  without  necessitating 
any  changes  in  the  circuitry  other  than  the  change  of 
the  frequency  of  the  high  frequency  clock. 

Various  protective  circuits  are  also  provided  for 
the  present  scanning  circuits.  For  example,  a  loss  of 
scan  circuit  may  be  provided  to  protect  the  CRT 
against  spot  burn  should  either  the  horizontal  or  the 
vertical  scan  circuits  fail.  This  loss  of  scan  circuit 
feeds  the  scan  waveform  voltage  to  a  voltage  follower 
and  then  to  a  peak-to-peak  scan  voltage  detector.  If 
the  scan  voltage  is  determined  to  be  too  low,  a  blank- 
ing  signal  is  sent  to  the  CRT.  Also,  the  possibility  of 
the  CRT  being  spot  burned  should  the  anode  current 
be  turned  on  with  the  vertical  and  horizontal  sync  sig- 
nals  at  the  counter  reset  levels  can  be  prevented  by 
AC  coupling  the  sync  signals  and  applying  them  to 
the  counter  clear  terminals.  This  allows  the  counters 
to  continuously  count  the  clock  signal  and  produce  a 
free  running  scan  condition. 

Alternative  Embodiment 

It  will  be  appreciated  that,  while  the  preferred  em- 
bodiment  refers  to  CRT  systems  employing  deflection 
yokes  to  produce  the  scanned  image,  the  present  in- 
vention  can  be  employed  in  electrostatic  CRT  scan 
systems  by  substituting  suitable  higher  voltage  ampli- 
fiers  for  those  described  above. 

It  is  appreciated  and  understood  that  the  specific 
embodiments  of  the  invention  described  hereinabove 
are  merely  illustrative  of  the  general  principles  of  the 
invention.  Various  modifications  may  be  made  by 
those  skilled  in  the  art  which  are  consistent  with  the 

principles  set  forth. 

Claims 
5 

1.  The  method  of  generating  an  accurate  linear 
scan  in  a  cathode  ray  tube  comprising  the  steps 
of:  addressing  a  horizontal  lookup  table  to  gener- 
ate  a  predetermined  digital  scan  waveform  out- 

10  put,  applying  said  scan  waveform  output  to  a  hor- 
izontal  deflection  means  of  said  cathode  ray 
tube,  and  resetting  said  lookup  table. 

2.  The  method  of  generating  an  accurate  scan  in  a 
15  cathode  ray  tube  comprising  the  steps  of:  ad- 

dressing  a  vertical  lookup  table  to  generate  a  pre- 
determined  digital  scan  waveform  output,  apply- 
ing  said  scan  waveform  output  to  a  vertical  de- 
flection  means  of  said  cathode  ray  tube,  and  re- 

20  setting  said  lookup  table. 

3.  The  method  of  generating  an  accurate  linear 
scan  according  to  claim  1  including  the  steps  of 
addressing  a  vertical  lookup  table  to  generate  a 

25  predetermined  digital  vertical  scan  waveform 
output,  applying  said  scan  waveform  output  to  a 
vertical  deflection  means  of  said  cathode  ray 
tube,  and  resetting  said  lookup  table. 

30  4.  The  method  of  generating  an  accurate  linear 
scan  in  a  cathode  ray  tube  comprising  the  steps 
of:  generating  a  high  frequency  clock  signal  and 
passing  said  signal  through  a  counter  to  produce 
a  fast  horizontal  scan  frequency  signal,  providing 

35  a  sync  signal  to  reset  said  counter  and  to  reset  a 
horizontal  lookup  table  to  set  said  table  to  the 
start  of  horizontal  scan,  changing  the  horizontal 
sync  signal  to  initiate  the  horizontal  scan  and  ad- 
dressing  the  counter  output  to  said  horizontal 

40  lookup  table  to  clock  out  a  predetermined  digital 
scan  waveform,  converting  said  digital  scan  wa- 
veform  to  an  analog  signal,  and  applying  said 
analog  signal  to  a  horizontal  deflection  means  of 
said  cathode  ray  tube  whereby  said  predeter- 

45  mined  waveform  is  provided  by  said  horizontal 
lookup  table,  and  resetting  said  horizontal  sync 
signal  to  reset  said  counter  and  said  lookup  table. 

5.  The  method  of  generating  an  accurate  linear 
so  scan  according  to  claim  4  including  the  steps  of 

addressing  a  vertical  lookup  table  to  generate  a 
predetermined  digital  scan  waveform  output,  ap- 
plying  said  scan  waveform  output  to  a  vertical  de- 
flection  means  of  said  cathode  ray  tube,  and  re- 

55  setting  said  lookup  table. 

6.  The  method  of  generating  an  accurate  linear 
scan  in  a  cathode  ray  tube  according  to  claim  4 

4 
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including  the  steps  of:  passing  said  clock  signal 
through  a  vertical  counter  to  produce  a  vertical 
scan  frequency  signal,  providing  a  sync  signal  to 
reset  said  vertical  counter  and  to  reset  a  vertical 
lookup  table  to  set  said  table  to  the  start  of  vert-  5 
ical  scan,  changing  the  vertical  sync  signal  to  ini- 
tiate  the  vertical  scan  and  addressing  the  vertical 
counter  output  to  said  vertical  lookup  table  to 
clock  out  a  predetermined  digital  vertical  scan 
waveform,  converting  said  digital  vertical  scan  10 
waveform  to  a  vertical  analog  signal,  and  apply- 
ing  said  vertical  analog  signal  to  a  vertical  deflec- 
tion  means  of  said  cathode  ray  tube  whereby  said 
predetermined  waveform  is  provided  by  said 
vertical  lookup  table,  and  resetting  said  vertical  15 
sync  signal  to  reset  said  vertical  counter  and  said 
vertical  lookup  table. 

7.  The  method  of  generating  an  accurate  linear 
scan  in  a  cathode  ray  tube  comprising  the  steps  20 
of:  generating  a  high  frequency  clock  signal  and 
passing  said  signal  through  a  counter  to  produce 
a  vertical  scan  frequency  signal,  providing  a  sync 
signal  to  reset  said  counter  and  to  reset  a  vertical 
lookup  table  to  set  said  table  to  the  start  of  vert-  25 
ical  scan,  changing  the  vertical  sync  signal  to  ini- 
tiate  the  vertical  scan  and  addressing  the  counter 
output  to  said  vertical  lookup  table  to  clock  out  a 
predetermined  digital  vertical  scan  waveform, 
converting  said  digital  scan  waveform  to  an  ana-  30 
log  signal,  and  applying  said  analog  signal  to  a 
vertical  deflection  means  of  said  cathode  ray 
tube  whereby  said  predetermined  waveform  is 
provided  by  said  vertical  lookup  table,  and  reset- 
ting  said  vertical  sync  signal  to  reset  said  vertical  35 
counter  and  said  vertical  lookup  table. 

8.  Apparatus  for  generating  an  accurate  horizontal 
linear  scan  in  a  cathode  ray  tube  having  a  hori- 
zontal  deflection  means  comprising  a  high  fre-  40 
quency  clock,  a  counter,  a  lookup  table  and 
means  for  passing  the  clock  signal  through  said 
counter  to  produce  a  fast  horizontal  scan  frequen- 
cy  signal,  means  for  generating  a  sync  signal  is 
provided  to  reset  said  counter  and  to  reset  said  45 
lookup  table  to  set  the  table  to  the  start  of  hori- 
zontal  scan,  means  for  changing  said  horizontal 
sync  signal  to  initiate  the  horizontal  scan  whereby 
said  counter  output  is  addressed  to  said  lookup 
table  to  clock  out  a  predetermined  digital  scan  50 
waveform,  means  for  converting  said  digital  scan 
waveform  to  an  analog  signal  and  for  applying 
said  analog  signal  to  said  horizontal  deflection 
means  of  said  cathode  ray  tube  whereby  said 
predetermined  waveform  is  provided  to  the  CRT  55 
by  said  horizontal  lookup  table. 

9.  Apparatus  according  to  claim  8  for  generating  an 

accurate  linear  scan  in  a  cathode  ray  tube  having 
a  vertical  deflection  means  comprising  a  vertical 
counter,  a  vertical  lookup  table  and  means  for 
passing  the  clock  signal  through  said  vertical 
counter  to  produce  a  vertical  scan  frequency  sig- 
nal,  means  for  generating  a  sync  signal  is  provid- 
ed  to  reset  said  vertical  counter  and  to  reset  said 
vertical  lookup  table  to  set  said  vertical  table  to 
the  start  of  vertical  scan,  means  for  changing 
said  vertical  sync  signal  to  initiate  the  vertical 
scan  whereby  said  vertical  counter  output  is  ad- 
dressed  to  said  vertical  lookup  table  to  clock  out 
a  predetermined  digital  vertical  scan  waveform, 
means  for  converting  said  digital  vertical  scan 
waveform  to  a  vertical  analog  signal  and  for  ap- 
plying  said  vertical  analog  signal  to  said  vertical 
deflection  means  of  said  cathode  ray  tube  where- 
by  said  predetermined  vertical  scan  waveform  is 
provided  to  the  CRT  by  said  vertical  lookup  table. 

10.  Apparatus  for  generating  an  accurate  linear  scan 
in  a  cathode  ray  tube  having  horizontal  and  vert- 
ical  deflection  means  comprising  a  high  frequen- 
cy  clock,  a  horizontal  counter,  a  vertical  counter, 
a  horizontal  lookup  table,  a  vertical  lookup  table, 
means  for  passing  said  clock  signal  through  said 
horizontal  and  vertical  counters  to  produce  a  fast 
horizontal  scan  frequency  signal  and  a  vertical 
scan  frequency  signal,  means  for  generating  a 
sync  signal  to  reset  said  counters  and  to  reset 
said  lookup  tables  to  set  said  tables  to  the  start 
of  scan,  means  for  changing  said  sync  signal  to 
initiate  said  scan  and  said  counter  outputs  are  ad- 
dressed  to  said  lookup  tables  to  clock  out  prede- 
termined  digital  horizontal  and  vertical  scan  wa- 
veforms,  means  for  converting  said  digital  scan 
waveforms  to  analog  signals  and  for  applying 
said  analog  signals  respectively  to  said  horizontal 
deflection  means  of  said  cathode  ray  tube  and  to 
said  vertical  deflection  means  of  said  cathode 
ray  tube  whereby  said  predetermined  waveforms 
are  provided  to  said  CRT  by  said  lookup  tables. 

11.  The  invention  according  to  claim  10  wherein  low 
pass  filters  are  provided  to  eliminate  the  high  fre- 
quency  components  of  said  scan  waveforms. 

12.  The  invention  according  to  claim  10  including  a 
loss  of  scan  circuit  comprising  a  voltage  follower, 
a  peak-to-peak  scan  voltage  detector,  and  means 
to  determine  low  scan  voltage  and  to  gererate  a 
blanking  signal  which  is  supplied  to  said  cathode 
ray  tube. 

13.  The  invention  according  to  claim  10  including 
means  for  AC  coupling  said  sync  signals  to  the 
clear  terminals  of  said  counters  to  permit  the 
counters  to  continuously  count  the  clock  signal 
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and  produce  a  free  running  scan  condition. 

14.  The  invention  according  to  claim  10  including  sig- 
nal  divider  means  disposed  between  said  high 
frequency  clock  and  said  vertical  counter  which  5 
establishes  the  ratio  between  said  horizontal 
scan  frequency  and  said  vertical  scan  frequency. 
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