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SCIENCES INC., -cessing-in a single pass-of a sheet or other a corporation
organised and existing under  web material or the like, or effecting some
the laws of the State of Delaware, United  other simultaneous 'irradiation
process or States of America, of 213 Burlington Road, result. 5  Bedford,
Massachusetts, United States of   It is in connection with applications of
this  50 America, do hereby declare the invention, character that the
present invention is parti- for which we pray that a patent may be  cularly
directed, though there are broader granted to us, and the method by which
it is  applications as well; the invention providing -  to be performed, to
be particularly de-  an improved technique and apparatus that 10  scribed
in and by the following statement:  can- enable not only multiple direction
55 The present invention relates to  methods  simultaneous irradiation from
the same of and apparatus for generating energetic  electron source, but
can effect a high degree electrons for irradiation and similar pur-  of
control over the resulting width or trans- poses such as, for example, the
sterilization  verse angle of the electron beam strips of surfaces or the
irradiation treatment of emanating from the generator.    60 articles moved
relatively in and out of the    An object of the invention, accordingly, is
electron beam; the invention being, howev-  to provide a new and improved
method of er, particularly directed to the generation of  an apparatus for
energetic electron beam longitudinal strips or "curtains" of such  strip
generation and irradiation that enable 20  electron beams.
multiple uniform strips to be simultaneously  65 There are described in
earlier U.S. Let-  produced and. directed in multiple directions ters
Patent Nos. 3,702,412 and 3,769,600  and, where desired, enable a high and
fine electron beam generators that enable the    degree of control over the
narrowness of the production of longitudinal strips or "cur-  strip for
fine line irradiation purposes and tains" of uniform energetic electron
beams  the like.    70 for irradiation purposes and the like. These
According to the invention there is pro- are particularly useful in
industrial processes  vided apparatus for generating at least one such as
the sterilization of materials drawn  longitudinal strip of energetic
electrons by the electron generator windows,  comprising a longitudinally
extending elec- 30  polymerization and curing of various coat-
tron-emitting cathode; a plurality of conduc-  75 ings and the like, and
other growing indust-  tive longitudinally extending cylindrical rial and
related applications. The use of  means mounted substantially coaxially
with such electron beam strips in place of scan-  the cathode and
concentrically disposed ning point or conical beams has advantages
thereabout at succesive spaced radial separ- 35  in many applications,
including those con-  ations therefrom; a longitudinal slot or slots  80
cerned with uniformity and high line speeds  in each one of the
concentrically disposed where webs of material or products are to
cylindrical means in substantial radial align- pass under the irradiation
source. There are  ment with one another; means for applying occasions in
such and related applications  a positive potential to the innermost of the
40  where it is necessary to generate very fine or  cylindrical means to
control the extraction  85 narrow electron beam  strips and, also, of
electrons from the cathode and their where it is economically important or
other-  egress as one or more longitudinal electron wise advantageous to
provide strips emanat-  beam strips through the or each longitudinal ing at
different angles along different direc- slot respectively of the innermost
cylindrical 45  tions for enabling multiple irradiation pro-  means; an
evacuated housing surrounding  90    2                               .
1 604 138 said plurality of cylindrical means and pro-  described in the
said patents and are used to videdwith one or more electron-permeable
generate a longitudinal line of electrons 



. .              windows substantially radially aligned with  along the
cathode 1 which are emitted in all the or each. respective aligned
longitudinal,  transverse radial directions. 5 slots in the cylindrical
means and means for    Coaxially surrounding the cathode I and   70
establishing an accelerating-voltage field be-  concentrically disposed
thereabout at suc- tween the outermost of the cylindrical  cessive spaced
radial separations therefrom means and said housing; and means for  are
three conductive cylinders shown at 3, electrically connecting said
cylindrical  11, and 12, the innermost cylinder 3 of 10  means together at
said positive potential to  which is illustrated as provided with a pair of
75 provide not only electrostatic shielding of  narrow longitudinal slots
or apertures 7 and the cathode but aperture lens-focusing for  7' which are
oriented at selected angles converging the electron beam strip through
along the' circumference thereof--in this the or each longitudinal slot of
the said  case, subtending an angular circumferential 15  outermost of the
cylindrical meansintosaid  arc of about 100 'degrees for a purpose  80
accelerating-voltage field.               herinafter delineated. The
intermediate According to a further aspect of the  cylinder 11 is similarly
provided with a pair invention there is provided a method of -of somewhat
wider corresponding slots 13 multiple-direction energetic electron beam
and 13'; and the outermost cylindrical mem- 20  irradiation, that
comprises, emitting elec-  ber 12 is provided with a pair of further slots
85 trons along a longitudinal line in all angular  14 and 14', all the
corresponding slots being radial directions transverse thereto; select-
substantially radially aligned to enable the ing a pair of such directions,
angularly  electron beams to pass sucessively there- a
separated from one another, along which  through as later explained. 25
electron beams are to be extracted for    A  positive potential, generally
of the  90 irradiation purposes and the like; confining  order of 60 volts,
is applied between the the withdrawal of electrons from said line to'
cathode 1 and the first coaxially disposed a pair of narrow longitudinal
slots disposed  longitudinal cylinderical member 3 such that at transverse
radial angles to said line  the latter may serve as a space charge- 30
corresponding to said selected pair of direc-  limiting control electrode
causing the elec-  95 tions, while suppressing electron withdrawal  trons
that are emitted by the cathode I to be from  all other radial angles in
order to  drawn toward the cylinder 3. The only produce a pair of angularly
separated longi-  regions in which these electrons may pass tudinally
extending electron beam strips  through the control cylinder 3, however,
are 35   only; aperture-focusing the produced pair of  at the narrow  slots
7 and 7', with the 100 electron beam strips; directing the focused
electrons emitted in. other radial angles beam strips along t eir
respective directions  being suppressed from egress b  virtue of into an
accelerating electricfield and confin-  the opaque walls of the cylinder 3.
The ing the transverse expansion of the beam   electrons that are extracted
through the 40  strip during acceleration to a narrow  trans  narrow
longitudinal slots- 7 and7' proceed  105 verse angle; and ejecting the
accelerated  into the evacuated space between the. inner- beam  strips
through electron-permeable  most cylindrical member 3 and the interme-
windows along corresponding longitudinal  diate cylinder 11, and in turn
pass through strip regions to provide multiple narrow   the correspondingly
aligned slots 13 and 13' 45   angle energetic electron beam strip irradia-
and into the evacuated region between the  110 tion along such selected
directions.'.    cylinder 11 and the outermost terminal The invention will
now be. described by  cylinder 12. Through appropriate spacing of way of
example in connection with the  these cylindrical members, preferably with
accompanying drawing                                the cylinder 11
substantially mid-way be- 50     Figure I of which is an isometric external
tween the control cylinder 3 and the termin- 115 view of the apparatus of
the invention in use  al cylinder 12, and by electrically connecting with a
pair of irradiation zones;         the cylinders 3 and 11 as by a
conductive Figure 2 of a longitudinal section upon a  support schematically
illustrated at 3', and somewhat larger scale taken along the line  the
cylinders 11 and 12, as by a further 55  2-2 of Figure 1, looking in the
direction of  conductive support schematically shown at 120 the arrows; and
11', these. cylinders will enable a deep Figure 3 is a transverse section,
greatly  shielding of the cathode structure from the enlarged.
.                actual accelarating gap that is produced Referring to
Figures 1 and 2, the prefer-  between the cylinder 12 and the ultimate 60
red construction underlying the invention  outer housing 15 containing all
of. the  125 embodies a longitudinally  extending  apparatus and to which
the positive high- cathode I which is preferably, though not  voltage
accelerating electric field potential essentially, of the filament type,
directly or  (not shown) is applied, with the negative indirectly heated,
being shown in this inst-  terminal thereof being connected to the 65
ance as directly heated. Such structures are  outermost terminal
cylindrical member 12. 130 
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3                                       3 It has been found in prior
coaxial struc-  purposes the slots 14 and 14' may be of the tures of this
character, however, that there  order of an eighth of an inch, and the
slots can be an inadvertent turning-on of the  13 and 13' of the order of
.025 inches, with cathode 1 by extraneous fields, which is  the slots 7 and
7' of the order of .093 inches. deleterious and highly undersired in many
It will be noted that the slots 7, 7', 13, 13'  70 applications. Through
the utilization of the  and 14, 14', Figures 2 and 3, are shown particular.
above-described electrostatic  without grids provided therein as has heret-
shielding and other deep-shielding effect of  ofore been customary in
electron tube de- the members 11 and 12 with appropriate. vices. It has
been found that through this 10  apertures, such unwanted effects have been
utilization of the narrow slots with the deep  75 completely eliminated in
practice.       shielding effects of the plurality of nested More than
this, moreover, the structure  cylindrical devices, such grid structures
are of the invention has been found capable of  not only not necessary, but
are better simultaneously enabling a final slot or aper-  eliminated in
many instances where fine ture lens-focusing effect to be produced
controlon the narrow beam angle is desired;  80 which can exert a much
desired fine control  the aperture lens-focusing phenomenon on the ultimate
angle or tranverse spread of. providing a most effective technique in such
the strip beam that is to be accelerated in  applications. This is not,
however, to forbid ithe gap  between cylinders 12 and 15 and  the use of
grids in one or more of the slots in ultimately emitted through the
correspond-  the cylinders, except that for the particular  85 ingly
aligned windows 17 and 17' of elec-  purposes of the multiple-beam narrow
beam tron-pervious material, such as aluminum or  system preferred herein,
the unencumbered the like, in order to impinge upon the work . slots are
preferred and more effective.. products P. P' that are to be irradiated in
The method and apparatus of the inven- 25  the regions there-beyond.
tion may thus be used to effect simultaneous  90 Specifically, through the
before-described  multiple narrow strip or curtain irradiation appropriate
relative separation and size of  as, for example, where multiple webs of
the aligned cylinder apertures, it has been  paper P. P' or the like that
are to be found that the terminal cylinder-12 may  sterilized may be passed
by the respective 30  permit the field lines in the adjacent acceler-
windows 17 and 17', Figure 1, such as in  95 ating gap to penetrate deeply
into the slots  forming a carton or container or for any and serve as a
magnetic lens structure for  other purposes requiring similar characteris-
causing the diverging beam strip that has  tics. egressed from the aperture
7 of the control    While the invention has been illustrated 35   cylinder
3 and has passed through .the  in: connection with two narrow energetic
100 aperture 13 in the inner cylinder 11, to  electron strips, it will be
understood. that become converged or refocused back so as  more than two
beams may be produced and, to pass through the aperture 14; the same
indeed, that some of the techniques here- remarks applying with regard to
the other  involved may even be used for single beam 40    beam egress
systems 7'; 13', 14'. This deep  purposes; An important. problem  in the
105 focusing provides a means of controlling and  multiple-beam utilization
is to insure that determining the ultimate expansion angular-  there is
uniformity of electron densities ly transversely of the electron strip in
the : -along the. complete strips at the multiple accelerating gap, and
thus enables a fine  windows 17 and 17' and that substantially control upon
the ultimate narrow or other  the same number of electrons are emitted in
110 beam  width that may be desired at the  the narrow angle passing
through the slots 7, windows 17 and 17'.                      13, 14 as
through the slots 7', 13', 14'. To With such a structure and its accompany-
obtain this uniformity and equally efficient ing phenomenon of operation,
it has been  use of the different small angular sectors of 50  found
possible to control the beam strips to  the cathode 1, the before-described
open  115 the order of a few degrees- say the order of 3  aperture slot
technique of shielding, deep degrees- at the windows 17 and 17'. The  field
penetration shielding, and final aper- windows may themselves subtend a
window  ture lens-focusing action has been found to width of a few degrees
of angle, perhaps 'provide remarkable uniformity of result in 55  twice
that of the beam, such as about 6  the multiple directions.
120 degrees. This would obtain, for example, in   In - order further to
ensure this result, a structure where the cylinders are sepa-  resilient
hangers may be provided as at 1', rated from one to two inches or so from
one  Figure 2, carrying the filamentary cathode 1 another as, for example,
with a one-inch  at intermediate regions and supported from 



60  diameter cylinder 3, a three and one-half  mountings attached to the
cylinder 11, as 125 inch diameter cylinder 12, and intermediate  with the
aid of further restoring spring cylinder. 11 about mid-way therebetween,
structures (shown at 1") that prevent dis- and an ultimate housing 15 of
about 8  location in transit or actual installation. inches, The windows 17
and 17' may then  Further to this end, a tension spring device 65  have a
width of about a centimeter. For such  1" is shown provided external to the
cylin- 130    4                                       1 604 138 der cathode
3 to enable the adjustment of  wherein the slots and corresponding win-
longitudinal tension on the cathode 1 after  dows are circumferentially
spaced. the same is installed, as illustrated in Figure    5. Apparatus as
claimed in claim  4 2. The assembly 1-3-11 is inserted as a unit  wherein
the circumferential arc between 5  in the left-hand or open end of the
cylinder  said air of windows is adjusted to the order  70 12 and is
accurately positioned and aligned  of 100 degrees. with the help of
aperatures, and alignment pins             Apparatus as claimed in claim  4
and receiving apertures, the cylinder being  wherein the radial angle
subtended by each closed off by the high voltage bushing  window is of the
order of a few degrees assembly 20, Figure 1, which is also. prear-    7.
Apparatus as claimed in claim  6  75 that the assembled parts are in the
proper ranged in a plug fitting alignment system so  wherein said
cylindrical means are adjusted that the assembled parts are in the proper
to provide a radial angle transversely sub- orientation, these then
beinginserted again  tended by each electron beam strips as it within the
housing in proper orientation of  impinges on its corresponding window of
15  alignment with the windows 17 and 17'.  the order of a few degrees, but
less than the  80 WHAT WE CLAIM  IS:                    radial angle
subtended by each window. 1. Apparatus for enerating at least one    8.
Apparatus as claimed in claim 7 longitudinal strip o  energetic electrons
wherein said radial angle subtended by each comprising a longitudinally
extending elec-  electron beam is adjusted to substantially 20.
tron-emitting cathode; a plurality of conduc-  half that of the radial
angle subtended by  85 tive longitudinally extending. cylindrical  each
window. means mounted substantially coaxially with    9. Apparatus as
claimed in claim  1 the cathode and concentrically disposed  wherein the
cathode comprises a longitudin- thereabout at successive spaced radial  al
filament provided with  distortion- 25  separations therefrom; a
longitudinal slot or  preventing resilient hanger means interme-  90 slots
in each one of the concentrically  diately supporting the same and
suspended disposed cylindrical means in substantial  from one of said
cylindrical means. ra ial alignment with one another; means   . 10.
Apparatus as claimed. in claim  9 for applying a positive potential to the
wherein spring means is provided external 30  innermost of the cylindrical
means to con-  to one end of said innermost cylindrical  95 trol the
extraction of electrons from   the  means, connected to enable adjustment
of cathode and their egress as one or more  the cathode filament tension.
longitudinal electron beam  strips through    11. Apparatus as claimed in
claim   I the or each longitudinal slot respectively. of  wherein said.
outermost cylindrical means is 35  the innermost cylindrical means; an
evacu-  originally open, at. one end to receive the 100 ated  housing
surrounding said plurality of  other of said cylindrical 'means and the
cylindrical means and provided with one or  cathode, and high-voltage
bushing means is more electron-permeable windows substan-  provided for
closing said one end, with Ai;:,,l .                     tially radially
aligned with the or each.. aligned pins- and apertures provided to 40
respective aligned longitudinal slots in the  enable precise relative
positioning..  105 cylindricalmeans and means for establishing     12.
Apparatus as claimed in claim   1 an  accelerating-voltge field between the
wherein the spacing of the successive of said outermost of the cylindrical
means and said  cylindrical means from  one another is of the housing; and
means for electrically connect-  order of one to a few  inches. 45  ing
said cylindrical means together at said    13. A   method  of
multiple-direction  110 trostatic shielding of the cathode. but aper-
comprises, emitting electrons along a longi- ture lens-focusing for
converging  the elec-  tudinal line in all angular radial directions tron
beam  strip through the or each longitu-  transverse thereto; selecting a
pair of such 50  dinal slot of the said  outermost of the  directions,
angularly  separated  from   one  115 cylindrical means  into  said
accelerating-.  another, along which electron  beams are to voltage  field.
--      -       be  extracted  for irradiation  purposes  and 2.  Apparatus
as  claimed  in claim  1  the like; confining the withdrawal of elec- 



wherein said plurality of cylindrical means  trons  from  said line  to  a
pair of narrow 55   comprises three concentric conductive cylin-
longitudinal  slots  disposed at transverse  120 ders the  intermediate
cylinder of which is  radial angles to said line  corresponding  to sed
substantially mid-way between the . said selected-pair of directions, while
sup- said innermost and outermost cylinder     pressing electro   n
withdrawa l from  all other means.
radial angles in order to produce  a  pair of 60    3. Apparatus as claimed
in claim   1  angularly separated  longitudinally  extend- 125 wherein
there is a  pair of slots in each one of  ing  electron  beam   strips
only; aperture- said cylindrical  means, and  said window   focusing the
produced pair of electron  beam means comprises a  pair of windows substan-
strips; directing  the focused  beam   strips tially radially aligned
therewith.        along  their respective  directions  into  an 65     4.
Apparatus  as  claimed  in  claim   3  accelerating  electric field and
confining  the  130    4                                      1 604 138
4 der cathode 3 to enable the adjustment of  wherein the slots and
corresponding win- longitudinal tension on the cathode I after  dows are
circumferentially spaced. the same is installed, as illustrated in Figure
5. Apparatus as claimed in claim  4 2. The assembly 1-3-11 is inserted as a
unit wherein the circumferential arc between 5  in the left-hand or open
end of the cylinder  said pair of windows is adjusted to the order  70 12
and is accurately positioned and aligned  of 100 degrees. with the help of
a tab 2 and alignment pins    6. Apparatus as claimed in claim  4 and
receiving apertures, the cylinder being  wherein the radial angle subtended
by each closed off by the high voltage bushing  window is of the order of a
few degrees. 10  assembly 20, Figure 1, which is also prear-   7. Apparatus
as claimed in claim  6  75 ranged in a plug fitting alignment system so
wherein said cylindrical means are adjusted that the assembled parts are in
the proper  to provide a radial angle transversely sub- orientation, these
then being inserted again  tended by each electron beam strips as it within
the housing in proper orientation of  impinges on its corresponding window
of 15  alignment with the windows 17 and 17'.  the order of a few degrees,
but less than the  80 WHAT WE CLAIM  IS:                     radial angle
subtended by each window. 1. Apparatus for generating at least one    8.
Apparatus as claimed in claim  7 longitudinal strip of energetic electrons
wherein said radial angle subtended by each comprising a longitudinally
extending elec-  electron beam is adjusted to substantially 20
tron-emittng cathode; a plurality of conduc-  half that of the radial angle
subtended by  85 tive longitudinally extending cylindrical  each window.
means mounted substantially coaxially with    9. Apparatus as claimed in
claim  1 the cathode and concentrically disposed  wherein t e cathode
comprises a longitudin- thereabout at successive spaced radial  al filament
provided with distortion- 25  separations therefrom; a longitudinal slot or
preventing resilient hanger means interme-  90 slots in each one of the
concentrically  diately supporting the same and suspended disposed
cylindrical means in substantial  from one of said cylindrical means.
radial alignment with one another; means    10. Apparatus as claimed in
claim 9 for applying a positive potential to the  wherein spring means is
provided external 30  innermost of the cylindrical means to con-  to one
end of said innermost cylindrical  95 trol the extraction of electrons from
the  means, connected to enable adjustment of cathode and their egress as
one or more  the cathode filament tension. longitudinal electron beam
strips through    11. Apparatus as claimed in claim  1 the or each
longitudinal slot respectively of  wherein said outermost cylindrical means
is 35  the innermost cylindrical means; an evacu-  originally open at one
end to receive the 100 ated housing surrounding said plurality of  other of
said cylindrical means and the cylindrical means and provided with one or
cathode, and high-voltage bushing means is more electron-permeable windows
substan-  provided for closing said one end, with tially radially aligned
with the or each  aligned pins and apertures provided to 40  respective
aligned longitudinal slots in the  enable precise relative positioning.
105 cylindrical means and means for establishing    12. Apparatus as
claimed in claim  I an accelerating-voltage field between the  wherein the
spacing of the successive of said outermost of the cylindrical means and
said  cylindrical means from one another is of the housing; and means for
electrically connect-  order of one to a few inches. 45  ing said
cylindrical means together at said    13. A  method of multiple-direction
110 positive potential to provide not only elec-  energetic electron beam
irradiation, that trostatic shielding of the cathode but aper-  comprises,
emitting electrons along a longi- 



ture lens-focusing for converging the elec-  tudinal line in all angular
radial directions tron beam strip through the or each longitu-  transverse
thereto; selecting a pair of such 50  dinal slot of the said outermost of
the  directions, angularly separated from  one  115 cylindrical means into
said accelerating-  another, along which electron beams are to voltage
field.                           be extracted for irradiation purposes and
2. Apparatus as claimed in claim  1  the like; confining the withdrawal of
elec- wherein said plurality of cylindrical means  trons from said line to
a pair of narrow 55   comprises three concentric conductive cylin-
longitudinal slots disposed at transverse  120 ders the intermediate
cylinder of which is  radial angles to said line corresponding to disposed
substantially mid-way between the  said selected-pair of directions, while
sup- said innermost and outermost cylinder  pressing electron withdrawal
from all other means.                                   radial angles in
order to produce a pair of 60     3. Apparatus as claimed in claim  I
angularly separated longitudinally extend- 125 wherein there is a pair of
slots in each one of  ing electron beam strips only; aperture- said
cylindrical means, and said window  focusing the produced pair of electron
beam means comprises a pair of windows substan-  strips; directing the
focused beam  strips tially radially aligned therewith.       along their
respective directions into an 65    4. Apparatus as claimed in claim  3
accelerating electric field and confining the 130    1 604 138 transverse
expansion of the beam  strip during acceleration to a narrow transverse
angle; and ejecting the accelerated beam 70        '  ' strips through
electron-permeable windows along corresponding longitudinal strip re- gions
to provide multiple narrow  angle   . energetic electron beam  strip
irradiation along such selected directions. 75        14. A method as
claimed in claim 13 and in which said angular radial directions are
adjusted to be about 100 degrees apart, and . said focusing and
accelerating are controlled to produce narrow beam transverse angles 80
of the order of a few degrees only. 15. Apparatus for generating one or
more longitudinal strips of energetic elec- trons substantially  as
hereinbefore de- scribed with reference to the drawings. 85
16. A  method  of multiple direction energetic electron beam irradiation
substan- tially as hereinbefore described with refer- ence to the drawings.
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