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- A .  PURPOSE e 
These notes  provide means o f  analyzing the  e f f e c t  of 
pulse shape on the wr i t t en  spo t  conf igura t ion  a n d  i t s  
r e l a t i v e  br ightness  in r a s t e r - d o t  d i sp l ays .  T h e  observ-  
a t i o n s  noted and  t he  app l i ca t ion  of the methods descr ibed 
wi l l  provide the  equipment designer  w i t h  b e t t e r  i n s i g h t  
i n t o  pulse  shape l i m i t a t i o n s ,  observed  spot  s i z e ,  s p o t  
shapes a n d  t h e i r  luminance d i s t r i b u t i o n s  a s  well a s  
v a r i a t i o n s  r e s u l t i n g  from changes in t h e  appl ied  d r ive -  
vol tage l e v e l s  i n  a p a r t i c u l a r  tube design. The s u b j e c t  
discussed i s  becoming i nc reas ing ly  i m p o r t a n t  d u e  t o  t h e  
demands for  higher resol ution a n d  increased wr i t i ng  speeds.  

I t  w i l l  be s h o w n  t h a t  a f t e r  t h e  luminance a n d  l i n e  width 
c h a r a c t e r i s t i c s  o f  a given CRT design in terms o f  t h e  
dr ive  vol tage have been e s t a b l i s h e d ,  the s p o t  shape a n d  
i t s  luminance d i s t r i b u t i o n  can be synthes ized  f o r  any  
pulse shape a t  a g i v e n  s e t  o f  opera t ing  condi t ions .  
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- B .  PRELIMINARY N O T E S ,  EQUATIONS A N D  ASSUMPTIONS 

I t  has  p r e v i o u s l y  been d e m o n s t r a t e d  ( R e f  1) t h a t  i f  
i d e a l  r e c t a n g u l a r  d r i v e  p u l s e s  a r e  a p p l i e d  t h e  h i g h l i g h t  
l u m i n a n c e  o f  a w r i t t e n  s p o t  can o n l y  approach,  t h a t  o f  a 
w r i t t e n  l i n e  ( i n  a g i v e n  t u b e  u n d e r  i d e n t i c a l  o p e r a t i n g  
c o n d i t i o n s )  i f  s p o t  roundness  i s  s a c r i f i c e d .  Under  con-  
d i t i o n s  o f  c o n s t a n t  w r i t i n g  speed., c o m p l e t e  s p o t  r o u n d -  
ness i s  t h e o r e t i c a l l y  o n l y  p o s s i b l e  w i t h  an i n f i n i t e s i m a l  
p u l s e  w i d t h  w h i c h  w o u l d  r e d u c e  t h e  h i g h l i g h t  l u m i n a n c e  
e s s e n t i  a l  l y  t o  z e r o .  R e f e r e n c e  1 s u g g e s t e d  a compromi se 
p u l s e  e q u i v a l e n t  o f  a 2 . 5 ~  w i d t h  o f  t h e  w r i t t e n  l i n e  a t  
t h e  same d r i v e  l e v e l .  I t  was shown t h a t  t h i s  w o u l d  r e d u c e  
t h e  h i g h l i g h t  l u m i n a n c e  by a b o u t  20% and p r o v i d e  a r e a s o n -  
a b l y  r o u n d  w r i t t e n  s p o t  u n d e r  c o n d i t i o n s  o f  p r o p e r  s p o t  
s e p a r a t i o n .  

I n  g e n e r a l s  p u l s e s  used i n  r a s t e r  d o t  w r i t i n g  a r e  n o t  
r e c t a n g u l a r  and  as a r e s u l t  more s o p h i s t i c a t e d  a n a l y t i c a l  
app roaches  become n e c e s s a r y .  The f o l l o w i n g  m a t e r i a l  w i l l  
f i r s t  t r e a t  t h e  t h e o r e t i c a l  e q u a t i o n s  a p p l i c a b l e  t o  a r b -  
i t r a r y  p u l s e  shapes f o r  i s o l a t e d  s p o t s .  A t r i a n g u l a r  pulse 
shape w i l l  t h e n  be used t o  i l l u s t r a t e  t h e  method s u g g e s t e d  
and t o  p r o v i d e  p e r f o r m a n c e  compar isons  between r e c t a n g u l a r  
and t r i a n g u l a r  p u l s e  shapes. 

To s i m p l i f y  t h e  d i s c u s s i o n d h e  f o l l o w i n g  a s s u m p t i o n s  and 
c o n d i t i o n s  a r e  made: 

1. The s p a t i a l  beam c u r r e n t  d e n s i t y  d i s t r i b u t i o n  

a t  t h e  s c r e e n  i s  a S o l i d  Gauss ian  D i s t r i b u t i o n .  
2 .  T h e r e  i s  l i t t l e  o r  no phosphor  s a t u r a t i o n .  
3 .  The luminance response t o  beam current  densi ty i s  assumed 

t o  be instantaneous rather  than possessing f i n i t e  r i s e  and 
decay times. This assumption does not a f f e c t  the v a l i d i t y  
o f  the analysis. 

- 3 -  
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The t em "instantaneous luminance values" as used i n  these notes 
designates the in tegrated instantaneous luminance values a t  the 

given r e p e t i t i o n  r a t e  and w r i t i n g  speed and for  the d r i v e  l e v e l  and 

l o c a t i o n  r e l a t i v e  t o  the beam center  apply ing a t  t h a t  i ns tan t .  Values 
used may be expressed r e l a t i v e  t o  the t ime o r  the spacial  domain. 
Var ia t ions due t o  phosphor o r  glass surface g r a n u l a r i t i e s  a re  ignored. 
The spot motion i s  hor izonta l  a t  a constant w r i t i n g  speed. 
The CT va l  ues given are those associated w i t h  the  perpendicular luminance 
cross-sect ion o f  a f u l l y  w r i t t e n  l i n e  a t  a given d r i v e  l e v e l .  
The os va l  ues are normal i zed v a l  ues corresponding t o  the perpendicular 
luminance cross-section o f  a f u l l y  w r i t t e n  l i n e  a t  t he  maximum d r i v e  
l e v e l  used i n  the appl ied pulse. 
Undeflected spot g r i d  c u t - o f f  reference i s  used. 
D e f l e c t i o n  defocusing phenomenon a re  neglected. 
The analys is  appl ies t o  the center o f  t he  tube face. 

. . .  

Because o f  i t s  b a s i c  i m p o r t a n c e  t o  t h i s  subject. t h e  maximum o r  
h i g h l i g h t  l u m i n a n c e  a c r o s s  a s i n g l e ,  w e l l  s e p a r a t e d  CRT l i n e  as  

g i v e n  i n  R e f e r e n c e  1 i s  r e p e a t e d  h e r e :  

fi '(I-=-') N 
PoEkT's S .67726 r N =  Jir LH = p E '  Tos - 

1 ) -  
o v s  s (e-]) 

where : 
i s  the h i g h l i g h t  luminance i n  F1. 
i s  t h e  maximum beam c u r r e n t  dens i t y  within the  beam i n  A/cm2. 

screen voltage r e l a t i v e  to the cathode minus the screen 
breakthrough vol tage). 

T ____-.., i s  t he  transmission o f  t h e  g lass faceplate as a decimal 
f r a c t i o n .  

LH ----- 
Po ----- 
E '  _ _ _ _  i s  the e f f e c t i v e  view screen vo l tage i n  Vol ts (actual  view vc 

----- i s  t h e  phosphor screen e f  fi c i  ency i n  F i  /Watt/cm2. '1, 
s ----'..- i s  the w r i t i n g  speed i n  inches/sec. 

r ( e - 9  -- i s  the spot  rad ius a t  t h e  e-' l e v e l  o f  t he  Gaussian i n  un. 
is the shr ink ing r a s t e r  s p o t  rad ius  i n  cm. 

1 -e- 1 
N------ i s the r e p e t i t i o n  r a t e  i n  Hz. 

n t h e  same f o r  a l l  c o n s i s t e n t  d i m e n s i o n a l  E q u a t i o n  1 w i l l  yema 
s y s t e m s .  

O 
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The minimum pulse  w i d t h  necessary t o  dup l i ca t e  the  f u l l  lum- 
inance o f  the  w r i t t e n  l i n e  using a rec tangular  pulse i s  6 0  (Ref. 

In the  time d o m a i n ,  t h i s  value i s  given by: 
~ 

= ( 3 . 1 3 2  d / S )  s ec  T1 <2 

Where T1 i s  t h e  pulse  w i d t h ,  d i s  the  SRM (Shrinking Raster  
Method) l i n e  w i d t h  a n d  3.132 i s  t he  m u l t i p l i e r  t o  extend the  

~ 
SRM l i n e  w i d t h  t o  t h e  6 0  l eve l  l i n e  width.  

In t h e  time domain ,  t he  compromise r ec t angu la r  pulse w i d t h  i s  
I given by: 

T 2 =  (1.305 d / S )  sec  < 3  

Normalized va lues  wi l l  be used whenever poss ib l e .  I t  i s  s u g g -  
e s t e d  t h a t  t he  reader  review Reference 1 t o  o b t a i n  a general  
overview on the  s u b j e c t  o f  t h e  Raster Dot Display concept .  
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