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Application August 5, 1957, Serial No. 676,171
11 Claims. (Cl 315—2.5)

This invention relates to beam positioning apparatus
and more particularly to cathode ray positioning devices
comprising a plurality of target elements.

For various beam positioning applications, notably
in information storage systems, a factor vital to satis-
factory operation is rapid and accurate positioning of
the cathode ray tube beam on the precise area of the
storage surface from which information is to be derived
or at which information is to be stored.

The positioning system which will satisfy these ex-
acting requirements and maintain a high performance
standard over long periods of time must necessarily
comprise a minimum of active elements subject to wear
and consequent variation. Such a system may comprise
a coded plate and a cathode ray tube with servo beam
positioning in accordance with output signals derived
from portions of the electron beam passing through
the coded plate. An example of a system incorporating
this technique is the system described in C. W. Hoover,
Jr., and R. W. Ketchledge, Patent 2,855,540, issued Oc-
tober 7, 1958.

The coded plate for such a system may be considered
as comprising a medial information portion divided into
rows and columns of apertures, the number and posi-
tion of apertures in each row defining binary code desig-
nations equivalent to the binary code beam address in-
formation. The size of the medial portion is deter-
mined by the number of binary address digits required
to deflect the beam to a given number of positions on
the surface of the coded plate. .

Extreme beam deflections are not utilized for infor-
mation readout due to the loss of resolution and related
difficulties encountered at such deflection positions. The
information bearing section of the coded plate is con-
fined to a medial portion so as to receive the beam
only in the usable deflection range, thus obviating the
need for extreme deflections to reach any information
bearing row of the coded plate. The usable beam de-
flection range may be defined, therefore, as that range
of beam deflections which will allow impingement of
the beam on any selected row in the medial or informa-
tion portion of the coded plate.

The system disclosed in Patent 2,855,540, cited here-
inbefore, provides rapid and accurate deflection error cor-
rection when such deflection errors occur within the
medial portion of the coded plate, since output informa-
tion from each row within the medial portion provides
a distinct position indication. Output signals derived
from erroneous beam deflections to any position beyond
the edges of the medial portion, however, are not in-
dicative of the position and thus do not provide intelli-
gible information for comparison with the binary code
address information for beam repositioning. This is
known as the “edge effect.”

Efforts to overcome the edge effect noted in the prior
art comprise extending the extreme coded rows in the
information portion of the coded plate to the extremes
of beam deflection. - In this fashion erroneous beam de-
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flection beyond the usable deflection range provides out-
put signals equivalent to those derived from the beam
impinging an extreme row of the medial information
portion. However, for a servo system, required to re-
position the beam rapidly and accurately, this modifi-
cation is of negligible assistance.

It is an object of this invention to provide an im-
proved beam positioning system and more specifically
a beam positioning system which will correct any er-
roneous beam deflection.

Another object of this invention is to overcome the
edge effect in beam positioning systems; i.e., to facili-
tate erroneous beam position correction with equal dis-
patch within the usable deflection range or beyond the
edges of the medial information area of the coded
plate.

Another object of this invention is to improve the
speed and accuracy of correction of such erroneous
beam deflections.

In one illustrative embodiment of this invention, a
beam positioning system comprises a cathode ray tube
having means for focusing an electron beam in a nar-
row line upon a coded plate, a plurality of targets posi-
tioned to receive portions of the beam passing through
the coded plate, a deflection system to deflect the beam
over the coded plate, means for applying analog rep-
resentations of binary code address signals to the de-
flection system, and means for comparing a converted
form of the binary code address signals with output
signals from the targets and applying the resultant to
the deflection system.
~ The application of each binary code address to the
tube should result in deflection of the beam within the
usable deflection range to a distinct corresponding row
of apertures in the medial information portion of the
coded plate in order to produce a binary code output
equivalent to the binary code address. The accuracy of
beam deflection then is verified by comparison of the
address and output signals. The comparison means de-
tects the magnitude and direction of deflection errors by
determining the magnitude and sign of the difference be-
tween the address and output binary code signals it
receives. Error signals of corresponding magnitude and
sign are delivered to the deflection system to reposition
the beam.

In prior art systems erroneous beam deflection in
one coordinate outside the usable deflection range caused
the beam to overshoot the medial information area of
the coded plate and produce the same output signal
for every beam position outside the usable range. For
optimum servo speed, an overshoot of the usable de-
flection area should produce as large an error signal
as a similar overshoot within the usable deflection area.
With identical output signals for any beam position be-
vond the edges of the usable area, as shown in the
prior art, this condition cannot maintain.

In accordance with this invention, rows of apertures
forming distinct binary code numbers are added to the
coded plate extending it to the beam deflection Ilimits.
This is accomplished by adding an additional column of
apertures to the coded plate. Also the number of digit
positions in the binary code address is modified to corre-
spond to the modified number of columns in the coded
plate by moving the most significant digit of the binary
code address one position in the more significant direc-
tion and inserting its complement in the vacated posi-
tion.

The binary code address information will deflect the
beam within the usable deflection area so as to impinge
the central section of the coded plate. FErroneous deflec-
tion of various degrees outside the usable area and to
the extremities of possible deflection will produce corre-
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sponding distinct. binary code output signals from the
code rows added to the coded plate. The resultant tar-
get output signals form a binary number which is com-
pared with the converted binary code address signals in
a ‘binary number comparator. The output of the com-
parator is applied to the deflection system to adjust the
deflecting voltage until converted address and target out-
put numbers agree, at which point the beam is locked in
a position corresponding to: the address number.

Thus each- beam position corresponds to. a precisely
adjusted or final deflecting voltage, and -any one of a
plurality of preassigned potentials may be produced. ac-
curately and rapidly across the deflection system with the
positional accuracy dependent upon the accuracy of a
passive element, the coded plate. The system in accord-
ance with the invention assures the same high speed of
servo beam positioning for every possible initial beam de-
flection position.

In accordance with one feature of this invention, the
deflection system is energized selectively by analog values
of groups of binary coded input digits, a converted form
of the input pulses being applied to a logic comparison
circuit in parallel form.

More particularly in accordance with this feature of
this invention, the means employed to apply the input
digits to the comparison circuit comprises means insert-
ing the complement of the most significant input digit
as the next most significant digit in a converted number
having one more digit position than the input number.

It is another feature of this invention that the aperture
plate contain an additional digit position column of aper-
tures to provide binary -output numbers having one more
digit than the binary input numbers.

It is another feature of this invention that the aperture
plate be provided with additional rows of apertures be-
yond the coordinate deflection position limits defined by
the input binary numbers, each of said additional rows
having distinct aperture arrangements. :

A complete understanding of this invention and -of
the above-noted and other features thereof may be gained
from consideration of the .following detailed description
and the accompanying drawing, in which:

Fig. 1 is a simplified diagram showing the components
and their relationship in a cathode ray device and asso-
ciated circuitry, illustrative of one embodiment of this
invention;

Fig. 2 is a schematic representation, mainly in block
diagram form, of one specific embodiment of this in-
vention in accordance with Fig. 1;

Fig. 3A is a representation of a coded plate according
to the prior art; and

Fig. 3B is a representation of the coded plate in ac-
cordance with Fig. 1, designating particular binary codes
formed by the apertures.

Referring now to the drawing, Fig. 1 depicts a cathode
ray device comprising an evacuated enclosing vessel 10,
at one end of which is mounted an electron gun 11 for
provision of a suitable source of electrons. Beam form-
ing elements 12, positioned in the path of the electron
beam from the gun 11 may be of any desired number and
configuration so as to function in a manner analogous to
cylindrical lenses, thereby providing a flat, thin beam or
plane of electrons to the aperture plate 3. The beam
forming elements 12 may be connected to any suitable
sources of accelerating and beam focusing potentials to
provide such a configuration and may be. electrostatic,
electromagnetic, or a combination of both types of elec-
tron control means. !

The coded plate 13 is provided with a plurality of aper-
tures arranged in rows amnd columns, as shown in the
drawing. The rows. of apertures permit portions of the
electron beam focused on the plate to be. received .by
target clectrodes 25 through 28 so.as to form elecirical
signals designating binary code numbers on_the plurality
of output leads from the target electrodes. The apertures
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in the coded plate 13 are arranged to form code groups
in accordance with the binary number system and specifi-
cally in this illustrative embodiment, in the conventional
binary number code.

The coded plate 13 and associated target electrodes
25 through 28 may be positioned within the cathode ray
tube, as shown, or the tube may be provided with a phos-
phorescent screen to provide an external light beam which
may be focused on the aperture plate outside the tube.
The target electrodes in such an arrangement are replaced
by photosensitive devices to receive light passing through
the apertures in the plate 3. It is to be noted that the
coded plate 13 in Fig. 1 extends to the maximum possible
deflection positions of the electron beam and that each row
of apertures therein has a distinct arrangement.

Defiection plates 15 in Fig. 1 are arranged to deflect
the electron beam to any one of the aperture rows in the
medial information portion of coded plate 13 in accord-
ance with the potential applied between plates 15. The
deflection potential is determined by a binary code ad-
dress comprising, in this illustrative embodiment, groups
of signals representing digits of a conventional binary
code number. The address number is applied in parallel
form to an input register 17.

Each signal in the group of binary code address sig-
nals is converted into am analog representation in thé
analog comverter 18 and the summation of the analog
representations is amplified by summing amplifier 19 and
applied to deflection plates 15. Each discrete potential
applied between deflection plates 15 is intended to deflect
the electron bearn so as to impinge upon a corresponding
row of apertures in the medial information portion of
coded plate 13. The binary code address number is ap-
plied also in paralle! form from the input register 17 to
the comparator 2. Simultaneously, output signals from
the target electrodes are appiied to comparator 21 in
parallel form and designate the binary number formed
by the row of apertures to which the electron beam has
been addressed. :

However, it should be noted that, in accordance with
an aspect of my invention, while the binary input address
is applied directly through the input register 17 to the
analog converter .18, the input address is itself converted
to a different binary code having one more digit before
being applied to the comparator 23. This code conver-
sion may be effected by the input register, as described
further below, and may comprise the insertion into the
second most significant digit position of the complement
of the most significant digit. This code conversion is
indicated schematically in Fig. 1 by showing one more
digit indicating arrow from the input register 17 to the
comparator 21 than from the input register 17 to the
analog converter 18.

The target electrodes reflect two signaling conditions;
ie.; current and no current, dependent up electrons .in
the beam passing through the coded plate or being
blocked by the coded plate. Thus a portion of the beam
passing through an aperture in a column of the coded
plate 13 forms a “current” or “one” signal on the cor-
responding target. If the beam in a particular deflection
position is intercepted by the coded plate 13 in one of
the columns, the target corresponding to that column will
register a “no current” or “zero” signal. Collectivély,
the targets 25 through 28 provide a plurality of “one”
and “zero” signals representing the digits of a binary
number, as established by the beam addressed to a par-
ticular code row of the coded plate 13.

The comparator 21 may be of the type described :in
my application Serial No. 651,864, filed April 10, 1957,
in which two binary numbers received simultaneocusly
at distinct parallel inputs will provide a single output
signal defining the magnitude and sign of the difference

.between the applied numbers. The comparator cutput

signal, which in this instance is derived from the con-
verted binary signals from the input register 17 and the

-
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targets 25 through 28, is amplified by the deflection ampli-
fier 22 and applied to summing amplifier 19.

Should the electron beam be improperly positioned,
the group of binary signals formed at the targets 25
through 28 will represent a binary number which is
greater or less than the binary number formed by the
group of binary input signals. The signal provided by
the comparator 21 to the deflection plates 15 serves to
drive the beam in the proper direction to achieve a cor-
respondence between the revised binary address number
and the output number of the target electrodes.

By proper arrangement of the rows of apertures on
the plate 13 to form a sequence of binary numbers, it
is possible for the comparator to determine the amount
of error in actual deflection of the beam, having received
from the input register the binary number representing
the row of apertures on the plate 13 to which the beam
should be deflected.

Fig. 3A depicts a coded plate as known in the art
arranged fo receive the deflected electron beam in posi-
tions corresponding to the original three digit binary
code address. Eight different code combinations 0-7
are possible with this three digit address. Consequently
eight distinct positions on the coded plate may be
reached by application of analog representations of these
code combinations to the beam deflection system. These
e€ight positions on the plate contain rows of apertures
in distinct arrangements to correspond to the binary
code address numbers and constitute the information
portion of the coded plate within the usable deflection
address area. In this instance an aperture in the coded
Plate represents a binary “one” and no aperture repre-
sents a binary “zero” so that current in a target elec-
trode indicates a binary “one” and its absence, a binary
“zero.” Thus upon receipt of the address number three,
011 in binary form, the beam, if correctly deflected, will
impinge upon row 3 of the coded plate which is arranged
to produce the binary number (011) in electrical signals
on the target electrodes.

It is noted that erronecus address of the electron beam
to any position above or below the edges of the coded
plate, Fig. 3A, would provide the same output signals as
would the beam if addressed to row zero of the informa-
tion portion. Such identical output signals from the
areas above or below the information portion wili mot
permit proper operation of the repositioning circuit,

Should the beam be incorrectly positioned within the
information portion, comparison of the cutput and ad-
dress numbers will result 1n a correction signal of a mag-
nitude and sign which will serve to drive the beam to the
desired address position. For example, the binary code
address number is three (011), but rather than being
addressed to the corresponding row on the coded plate,
the beam is incorrectly deflected to impinge the row cor-
responding to the binary number zero (000). Compari-
son of address and output numbers will resuit in an error
correction signal serving to drive the beam three rows
upward to the row containing the desired binary number
three (011).

Now assume that the same binary address “three” is
applied, but due to some transient condition, the beam
is erroneously deflected to position X on the coded plate,
well outside the range of the eight positions in the medial
information portion, or beyond the bottom edges of the
coded plate and targets. The comparator again receives
an indication that the beam is at row zero (no signal on
the target electrodes) and will provide an output sufficient
to drive the beam from row zero to row three. The de-
flection change, in this instance, is only sufficient to bring
the beam to position Y and further correction is required
to reach the desired address. A more serious problem
results if ‘he transient condition should cause the beam
to overshoot the upper edge of the information portion;
viz,, to position Z, again resulting in a “zero” output
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number. The comparator, receiving an input “three”
and output “zero,” will provide a signal to drive the beam
upward three rows, resulting in an even more flagrant
error condition.

In accordance with my invention, code rows are added
to the coded plate beyond the edges of the media infor-
maticn portion so as to extend the coded plate to the
maximum beam deflection limits as shown in Fig. 3B.
Each added row comprises a distinct tinary cede designa-
tion such that an errcneous deflection of the beam to a
row in these extreme portions will be identified solely
with that row.

The medial information portion of the coded plate in
the usable deflection address area as shown in Fig. 3B
utilizes all of the available three digit binary code desig-
nations to match the three digit binary input numbers so
that, in order to provide distinct code designations in the
extreme portions, a different code or a higher order of the
same code is required. Provision of two different codes
or different orders of the same code on the coded plate
obviously would not be compatible with the balance of
the repositioning system since comparisons with the input
information could not be cenducted.

I have found that the problem of compatibility may be
solved by converting the input information to a higher
order code and supplying this converted input information
to the comparison means. The coded plate similarly is
converted to reflect the higher order code designations
such that the medial portion contains the binary code ad-
dress numbers in the converted form. Thus, further in
accordance with my invention, a digit position is added to
the address number as applied to the comparator 23, Fig.
1, by insertion of the complement of the most significant
digit as the next most significant digit in the expanded
address number. The number of target electrodes and the
corresponding columns in the coded plate i3 also are in-
creased by one to correspond to the number of digits in
the converted binary code address number.

One method of revising the binary address in accord-
ance with my invention is indicated in Fig. 2. The input
register 17 and its associated analog converter 18 may be
of any number of circuits capable of generating analog
representations on application thereto of simultaneous in-
put pulses. The input register, for exampie, may comprise
a series of bistable flipficp units such as 48, arranged to
feed simultaneously through diodss such as 41 of analog
converter 18, which in turn is capable of passing stepped
amounts of current to summing amplider 1$. The flipfiop
units also feed simultaneously into the comparator 21.

The output of flipflop unit 48, representing the most
significant address digit, is connected to the most significant
digit input of comparator 21 over lead 45 such that z
“one” address digit appears as a “one” in the most
significant digit position of comparater 23. Alse, the out-
put of flipflop unit 48 for the most significant address
digit is inverted and applied to lead 46 such that a “one”
address digit appears as a “zero” in the next most signifi-
cant digit position of comparator 21. This may be accom-
plished, for example, by connecting lead 45 to the “zero”
output of flipflop 49 as shown in Fig. 2. Alternatively,
lead 46 may be connected to lead 45 through an inverter.
In this fashion the binary code address number is revised
as applied to the comparator 21 so as to insert an addi-
tional digit position between the most significant and next
most significant digits. The signals derived from this
added position designate the complement of the most
significant digit of the address aumber.

The three digit binary code employed in the example
of Fig. 3A is also shown in Fig. 3B, together with the
equivalent four digit form applied to the comparator
after conversion in the manner described hereinkefore.
Coded plate 13 in Fig. 3B is also converted to the four
digit code so that its outputs through targets 25-28 to
the comparator will be compatible with the converted
address from the input register. The four digit code con-



tains distinct code designations in addition to those cor-
respond'nv to the three digit deflection address informa-
tion as shown in Fig. 3B, and these additional .code desig-
nations are employed in the extreme deflection areas ex-
clusively for repositioning the beam -if erroneously de-
flected beyond the usable deflection address area.

It is to be noted that the converted -three digit binary
code address designations advantageously fall in the
medial portion of the four digit binary code.

eithier side of the medial portion to satisfy the require-
ments for distinct code designations in the extreme deflec-
tion areas of thé coded platé 13. Turther, it is apparent
that the rows of the coded plate aré ini true binary code
with the converted smaller binary code in the medial
portion of the coded plate. ) :

The invention is not limited to code groups of ady
particular number of digit positions. It is only required
that the columas of apertures in the coded plate 13 and
the corresponding number of target electrodes be ore
more than the number of positions in the b1nary mput
address number. If desired, an additional “quantizing”
column of aperiures may be employed to lock the beam
at a row of apertures and to prevent positioning between
ifows of apertuies, as is known in the art.

It is to be uniderstocd that the above-described arrange-
ments are illustrative of the application of the principles
of this invention. Other arrangements may be devised
by those skilled in the art without departing from the
spirit and scope of thé invention.

What is claimed is:

1. A beam positioning system for corréction with equal
facility of beam deflection errors occurring both within
and beyond the usable deflecticn range of the beam com-
prising means for positioning the beam in the usable de-
flection range in accordance with béam address informa-
tion in a first code form, means for converting said beam
address information to a second code form, means in-
cluding beam receiving means coded in accordance with
said second code form for repositioning said beam upon
comparison of the output of said beam receiving means
with said beam address information in said second code
form, said beam address information in said second code
form being located in said beam receiving means in the
usable deflection range.

2. A beam positioning system for rapid correction of
beam deflection errors outside of the usable beam deflec-
tion range comprising a coded plate having distinct rows
of elements in a medial portion positioned to receive a
beam in the usable deflection range and in each portion
above and below the edges of said medial portion, means
including said coded plate for repositioning a beam upon
comparison of the output of said coded plate with coded
beam address information and means for converting said
address information to a code having at least one more
digit position, said plate being coded in accordance with
said converted code and said beam address information
being contained in said medial portion of said coded
plate.

3. A beam positioning system comprising a row of

targets, means opposite said targets for forming and pro-
jecting a ribbon bsam toward said targets, a code plate
intermediate said targets and said beam projecting means,
said plate having rows cf distinctly different code groups,
said beam impinging said plate in a line parallel to said
rows, each of said targets being positioned to receive
portions of said beam passing through a distinct section
of each of said ccde plate rows, means for deflecting said
beam in a direction perpendicular to said line of impinge-
ment on said plate, means for applying a binary code
address to said deflecting means for beam deflection with-
in a limited range, means for comparing signals from
said targets with said binary code address, means for
applymg the resuitant of said comparison to said deﬁect-
ing means, and means for corrécting erroneous beam

Thus, an
adequate supply of code designations is available on
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8 : i
deflection outside said limited range comprising rows:of
distinctly. different code groups in areas of said code
plate beyond said Iirriited range, the digit positions  in:
said coded rows being one more than the digit positions
in said binary code address, and means for -adding one
digit "to. said binary code address upon application. to
said comparison means.

4. A beam positioning system in accordance with clalm_
3 wherein said digit adding means comprises means. for
adding the complement of the most sxgmﬁcant address
digit as the next moré significant digit in the converted
address number.

5. A beam positioning system in accordance with
claim 3 wherein said binary code address applying means
comprises an input register storing code -groups of p051-
tioning signals; said signal comparing means. being. con-
nected between sdid input register and sald row -of tar-
gets.

6. A beam- positioning ‘system in accordance w1th
cldim 5 ‘wherein said bmary code address apnlylno means
comprises afnplifying means connected to said deﬂectlon
means and means connected between said- mput reglster
and said amplifying means for deriving analog represen:
tations of said code groups of positioning s1gnals and
applying said representations to said amphfymg means... .

7. A beam posmonmg system comprising a code plate
havmg rows of distinctly arranged elements correspond-'
ing to binary code numbers presented to the beam in one
coordinate, there being n-+1 elements in each.row and
more than 27 of said rows, means for projecting a. beam.
initiated by a source.in an ¢lectron discharge device. to-
ward said code plate, targét means .associated with sald_
code .plate for deriving output information dependent
upon the address of said beam to said code plate, means
for deflecting the beam in said one coordinate, means for
supplying » digit binary code address information, means -
for applying said address information to said deflecting
means, means for converting said address mformatlon’,
into a code of n--1 digits, and means for comparing said "
converted address information with said Giitput informa-
tion for repositioning said electron beam. )

8. A beam positioning system comprising an’ electron_,.
discharge device, means for establishing a beam in said:
device, beam interception means having more than i
regions upon which  said beam selectlvely 1mp1n0es n
being any integer, each of said regions comprising n—[—l'
discrete areas having one of transmitting and mterceptmg_
characteristics, n-|-1 target means, each of said target
means positioned to receive portions of sdid beam trans-
mitted through a corresponding one of said discrete ares
in each of said regions, whereby said target means ire
impinged upon by said beam to form one of more than
2% coded output. numbers -corresponding to .said coded_‘
regions, beéam deflecting means, input means stormg n
address signals representing one of 27 code permutatlons"
for deflecting said beam within a range on said beam in-
tercéption means ircluding: said 27 code ‘permutations
means convertmg said n address signals to n--1 sighals;
means comparing said converted address signals with said
target output number and means applym0 the- resultant of
said comparison to-said-deflection means. : o

9. A beam positioning system for cathode ray tubes .
comprising means for supplying beam address informa-
tion in the form of an #n digit binary code; means con-"-
verting said address information into a code having.more
than » digits, said address information representing only

2 medial group of values of said converted code, beam
interception means having rows and columns of ele-
ments, each row havmg the number of elements equal {6
the mumber of digits of said converted codé. and ‘there
being more than 2% rows, means for projecting an élec-
tron. beam toward said intérception: means, means for
deflecting said beam in accordance with said address in-
formation, output means associated  with said elemients
for deriving output information dependent on the posi-
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tion of said beam at said interception means, and com-
parison means for comparing said output information
with said converted address information for repositioning
said electron beam.

10. A beam positioning system in accordance with
claim 9 wherein said converting means includes means for
taking the complement of the most significant digit of
said digit binary code address and inserting it as the
second most significant digit of said n4-1 digit binary
code.

11. A beam positioning system for rapid correction of
deflection errors outside of the usable region of deflec-
tion comprising means including a coded plate and tar-
get elements for repositioning a beam upon comparison
of the output of said target elements with coded defiec-
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10
tion input information and means for converting said
input infermation to a code having at least one more
digit position, said plate being coded in accordance with
said converted code and said deflection input informa-
ticn being positioned in the medial portion of said plate.

References Cited in the file of this patent
UNITED STATES PATENTS

2,203,528 Harnett June 4, 1940
2,531,600 Barney e Nov. 28, 1950
2,568,449 Hansen o ____ Sept. 18, 1951
2,671,129 Moore Mar. 2, 1954
2,675,500 Kuchinsky e Apr. 13, 1954
2,762,949 Huffman e ____ Sept. 11, 1956
2,855,540 Hoover o Oct. 7, 1958



