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Optimum spot size for raster-scanned
monochrome CRT displays

Jim Hagerman

Abstract — I s generally regarded that the optimum 50% spot
width is equal to the raster line spacing for CRT displays. This
paper presents a mathematical analysis to determine the optimum
spot widih. The analysis indicates the optimum spot width is
slightly les than 0.9 times the line spacing.
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1 Introduction

“The optimunm picture in a raster-scanned CRT display is a compro-
mise between resolution and the abiliy to smooth out a full-fild
condition. In order to obtain a so-called smooth raster, the raster
scan lines must be close enough to cach other to meld together and
form a solid image. On the other hand, to achieve good resolution,
the scan lines must be far enough apart so that if every other scan
line were on, a high level of modulation would exist. Since line

spacing s not usually variable but fixed in most d twidth

A previous analysis (calculated by different means') showed

“Thi

times the line spacing.

550 = 090, m
where 550 is the 50% spot width and A is the line spacing. This is
very close to the above rule-of-thumb law:

A new kind of analysis is presented here which arrives at a
very similar result

2 Raster
At reasonable beam current levels, the spot intensity can be ap
proximated by a Gaussian. This s given by

g = el @

A raster is formed by overlapping many scan lines side by
side. A computer program was written to generate several Gaus
sians, each spaced 1A (1 line) apart using spot width as the variable.
“The program would calculate the sum of these Gaussians (Fig. 1)
“The sum is the equivalent luminance response of the raster, a cross
section of what you would see if you were looking at the displayed
image

E

h 4. The former is used by

becomes the variable and must be chosen accordingly. A longstand-
ing rule of thumb has been to set the 50% spot width equal to the
line spacing, In fact, to prevent too small a spot, the latest ANSI
HFS/100 standard recommends a spot width greater than 0.5 times
the line spacing,
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FIGURE 1 — Individual rater lines and resulting tota for s
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the program to generate the centers of each Gaussian. The ltter is
the standard deviation and determines the width of each Gaussian.
it does not, I th The 50% spot wid
530 must be related to o. Equation 2 is rearranged and solved for
o

s
)
° Wt &

The amplitude of the Gaussian g is set to 0.5, This results in
G = 0.425550. @

“The amount of smoothness in the raste i the modulation between
the maximum and minimum amplitudes. This modulation is de-
fined by

Modulaton = [L} ®
max + min

“The modulation for several values of sso per line spacing is plotted
in Fig 2,

3 Performance

‘The optinum performance of a display is achieved if there is no
modulation when every line s on (full field), and 100% modulation
when every other line is on (half-field). This condition is not possi-
ble with CRT displays. A compromise must be reached. It is sug-
gosted here that the best compromise occurs when each of these
parameters suffers equall; ic., the modulation at full fild is some
percentage less than 100%, while the modulation at half-feld is the

0%,
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FIGURE 2 — Raster modulation as a function of s5a/h

dulation] dth toline-spacing
atio of 0.894. Here, the raster has 11.7% modulation and alternat.
ing on/off lines have 88.3% (or 100% ~ 11.7%) modulation. This is
the optimum spot size

$50 20,8940 ®

“This analysis has focused on the performance of a raster: Itis inter-

line rather than across one. In this case, the Gaus
volved with a sine wave (beam-current function)

spot is con-
stead of an im-

finite b

in
it has been shown®® that the modulation can be given by
Modulation snewase = ¢ (4122607 @

where v is the spatial frequency. If we look at spatial frequency
hich is one-halfthe |
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FIGURE 4 — Display quality, from Knox (Ref. 6)
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Combining Egs. (6)-(8), we get a modulation at this fre-
quency of 49.1%. Although coincidental, this is surprisingly close to
50% ~ a modulation which seems very natural

1 is alo interesting (o see how critical the optimum spot
width is. This will help defermine the allowable tolerance on spot
width. A performance figure of merit that gives equal weight to
both the full-field and half-field conditions can be given by

Performance = Myair/ (1~ Miu, ©
shere Mpairand M are the modulation of the half-feld and full
field condit )

tion of the optimal criteria as previously given. Although
mathematically sound. this function will later be found to be some-
what in error. Equation (9) s plotted in Fig. 3. The peak is not very

raster condition, but in the scanned direction, Le., vertical lines
rather than horizontal lines. Here, we set

sharp, giving for sso that maintains a high value of
performance. including the unity rule of thumb.
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FIGURE 3 — Display performance, from Ref. 9.
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Several years ago experiments were performed by Knox® to mes

ure the display quality for different spot-width to line-spacing ra-
tios. These data are shown in Fig. 4 using a quality rating from 0 to
5.8 being the highest. The images used were mechanical line draw-
ings and text images. The image quality reaches a maximum at a
fatio of about 1.0.and remains constant as the ratio decreases

It can be seen that the shape of this curve is not the same as
predicted above in Fig. 3. Apparently, the results of Eq. (9) are
exaggerated and do not refllct actual experimental data, except that
they agree that the optimum ratio s less than 1.0

5  Conclusion

A mathematical approach to finding the optimum spot-width to
line-spacing ratio is given. The optimum ratio is 0.894. This corre-
lates well with earlier work, experimental data, and a longstanding
rule of thumb,
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