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Figure 5-Schematic diagram forming the hologram plate 

An imaging lens was set to form a magnified image 
of a mask for the Gray code on a photographic plate. 
When a collimated laser beam was used to illuminate 
the mask for the Gray code, the spatially modulated 
beams emerging from the mask (object beam) were 
converged at the rear focal point of the imaging lens 
and then imaged on the photographic plate. A plane 
wave laser beam (reference beam) was made to illumi­
nate all over the photographic plate and then interfere 
with the object beam carrying the mask pattern for 
the Gray code. Recordings for different masks were 
made in a similar way, provided that the incident 
directions of the reference beam were shifted each 
time. 

The reconstructed images are the replicas of the 
object beams and converge on the array of the solar 
cells. The distance from hologram plate to the array 
of the solar cells is the same as that from the rear 
focal point of the imaging lens to photographic plate. 

The angular separation between the adjacent re­
constructed image beams falling on the solar cells is 
equal to the angular shift imposed on the reference 
/Jeam at the time of recording. 

Figure 6 shows the hologram plate recorded on a 
Kodak 649-F plate and the Gray-coded images recon­
structed from a small hologram of the hologram plate. 
The overlaps of the masks for the Gray code were 
achieved with an error less than ±0.05 mm. The 
hologram plate of higher resolution will be formed by 
utilizing the ability of holography to achieve high bit 
densities with a great spatial redundancy and lens­
like nature. The transmittivity of the hologram plate 
was about 80 percent. The diffraction efficiency better 
than 0.1 percent was obtained for each reconstructed 
image. 

Light pen 

Figure 7 shows the construction of the light pen. It 
consists of a light focusing glass fiber named SELFOC,7 

Figure 6-Hologram plate and reconstructed images 

lens and a prism. We call it SELFOC light pen. SEL­
Foe is a lens-like optical guide of glass fiber with a 
parabolic distribution of refractive indices. SELFOC 
has the following advantages as compared with a 
clad type optical fiber. 

1. Laser beam transmission without band-limita­
tion and waveform distortion. 

2. Low-loss transmission and conservation of 
polarization plane of incident beam. 

LASER BEAM 
---r::=:::::::::::~ 

LENS 

Figure 7-Construction of the SELFOC light pen 



3. Realization of a lens with tiny aperture and 
that with an ultrashort focal length. 

4. Increased flexibility due to a small diameter. 

The refractive index n of the fiber in the radial 
direction is given by n = noCl-ar2/2), where no, r, 
and a are refractive index on the optic axis, distance 
from optic axis, and a constant, respectively. 

At present SELFOC optical fibers with diameters 
from 50 JLm to a few mm are available. Although a 
varies with fiber diameter, the difference between 
the refractive index on the optic axis and that at the 
periphery can be made O.l. 

The SELFOC optical fiber used in the SELFOC 
light pen was 50 cm long with a diameter of 0.2 mm. 
The coefficient a was 0.5 mm-2, and the transmission 
loss was less than 0.3 dB/m. The mode pattern of a 
laser beam after passing through the SELFOC light 
pen was scarcely deformed as shown in Figure 8. The 
SELFOC could be bent with a radius of curvature 
less than 10 cm without a noticeable deformation in 
pattern. The lens. on an end of the SELFOC light pen 
was used to collimate the emerging laser beam to a 
spot size of 0.25 mm</>. 

Performance 

A paper placed on the writing surface provided hard 
copies of input patterns written or drawn by a ball­
point pen. Movements of ball-point pen were followed 
by the SELFOC light pen and were instantaneously 
encoded as reconstructed images from the hologram 
plate. The solar cells adequately covered the fluctua­
tions of the reconstructed image beams caused by 
jolting of the SELFOC light pen and aberrations 
of the hologram plate. The signal-to-noise ratio of the 
Gray-coded images on the solar cells was greater than 

Figure 8-SELFOC light pen guiding a pencil of laser beam 
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Figure 9-Monitored characters drawn by the stylus on the 
hologram plate 

7 dB, even when the hologram plate was disturbed by 
dust and scratches. Since the output voltage of the 
amplifiers was higher than 3 volts, it was found possible 
to use a laser source with an output less than 2 mW. 
Data rate was limited by the frequency response of 
the solar cell and the amplifier, and was obtained up 
to 104 positions per second. 

Figure 9 gives an example of the monitored patterns 
displayed on the storage CRT. Deviations between 
the input patterns on paper and the displayed patterns 
on monitor CRT were within ±0.5 mm. This is con­
sidered to be caused only by the essential disadvantage 
of the Gray code. 

The pantograph link and the SELFOC light pen 
could be moved lightly and freely making the handling 
of hologram tablet easy. Excellent stability was 
confirmed for a long period of operation. 

l\1ost part of the cost of a hologram tablet consists 
of that of laser source and SELFOC light pen. In 
the prototype device, a laser source of three hundred 
dollars and a SELFOC light pen constructed at the 
expense of one hundred dollars were used. However, 
the price would be reduced to half by mass production. 
If we consider the possibility that a hologram tablet 
with a larger capacity is constructed by using only 
hologram plate C the number of record of the masks 
for the Gray code is made to be equal to the encoded 
bit number), the encoded bit number of photo detectors 
and amplifiers, the cost will not increase to a great 
extent. 

CONCLUSION 

It has been confirmed that the hologram tablet has 
many advantages such as high data rate, high resolu­
tion, compact size and low price. 
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These advantages have been achieved by utilizing 
holographic techniques, and SELFOC. The essential 
components of hologram tablet are the hologram 
plate containing small holograms, each records the 
Gray-coded coordinate X and Y and the SELFOC 
light pen. The techniques in the hologram tablet can 
be utilized several ways such as the position control 
of NC and the feature extraction for pattern recogni­
tions (using the smoothing function of small hologram 
in the characterized hologram plates). 

Although experiments were carried out with a 
prototype hologram tablet having 64 x 64 small 
holograms of 0~5 ·mm pitch, hologram tablets with 
much larger capacity and higher density could be 
constructed without great difficulty. The possibility 
that the increase in capacity and density will not 
bring a considerable rise in cost is to be found. 

Experiment of graphic manipulations with the 
hologram tablet connected to a computer system is 
in progress. 
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