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3,319,110 
ELECTRQN lFQCUS PROJECTION AND 

SCANNING SYSTEM 
Kurt Schlesinger, Fayetteville, N.Y., assignor to General 

Electric Company, a corporation of New York 
Filed May 12, 1966, Ser. No. 554,276 

35 Claims. (Cl. 315-17) 

This application is a continuation-in-part of copend 
ing application Ser. No. 309,151, Schlesinger, Electron 
Focus Projection and Scanning System, ?led Sept. 16, 
1963, and assigned to the same assignee as the present 
application. 

This invention relates to improved systems for focus 
ing and de?ecting electron beams, and more speci?cally, 
to electron optical systems of the focus projecting scan 
ning kind, otherwise denoted as an FPS system. 
Modern applications for electron beam tubes often re 

quire high image resolution, high beam current density, 
with minimum power requirements, size, and Weight. 
For example, beam tubes having these characteristics are 
useful as automatic celestial guidance sensors for aero 
space systems. With respect to vidicon type pickup carn 
era tubes, an optimum design requirement may be a high 
performance tube having a target of about one inch 
diameter or smaller, with a minimum tube length as well. 
The high resolution and high beam current density re 
quirements necessitate a large convergence or half-angle 
at the target, which implies a short beam length for beam 
diameters of manageable size. However, adequate scan 
sion of the target area limits the degree to which a tube 
may be shortened to obtain the desired short beam length. 
Conventional optical systems employing lumped ?elds to 
effect de?ection after focusing are unable to meet these 
requirements since they require a physically long struc 
ture. In these systems, a long narrow beam pro?le with 
small half-angles at the target is inevitable. Small half 
angles and long beam lengths introduce fundamental 
limitations on beam current and resolution. Allelectro 
static and all-magnetic electron optical systems are un 
able to meet these requirements since the former is in 
herently a long beam system and the latter is bulky, 
heavy, and requires a large amount of power. 

It is desirable in an electron optical system that a beam 
proceeding on a given axis and de?ected therefrom ap 
proach and strike the target orthogonally. Prior art de 
?ection systems introduce radial velocity components as 
the beam is de?ected and, hence, the beam does not land 
normal to the target. 

In accordance with this and the above-cited copending 
application, it is an object of the invention to provide 
an improved electron optical system for focusing and de 
flccting an electron beam. 

It is another object of the invention to provide an elec 
tron optical system permitting both high resolution and 
high beam current density with de?ection over a sub 
stantial proportion of the available envelope diameter. 

It is another object of the invention to provide an elec 
tron optical system in a beam tube wherein the electron 
beam is de?ected over a substantial proportion of the 
available envelope diameter with minimum edge-defocus 
ing and scan distortion. 

It is an object of this invention to provide an improved 
mixed ?eld system for focusing and de?ecting an elec 
tron beam. 

It is another object of this invention to provide a mixed 
?eld system which provides automatic collimation of an 
electron beam. 

It is another object of this invention to provide an 
FPS mixed ?eld electron optical system which eliminates 
the need for collimation after the FPS cavity to correct 
electron beam landing conditions. 
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It is a further object of this invention to provide a 

mixed ?eld electron optical system wherein an electron 
beam, after de?ection, automatically emerges in a path 
substantially parallel to its original path so as to enable 
orthogonal landing on the target. 

It is still another object of this invention to provide 
an improved mixed ?eld electron optical system with a 
non-rotating magnetic lens. 

It is another object of this invention to provide an 
FPS mixed ?eld system in which the plane of de?ection 
of the electron beam is not rotated from the direction 
of the electrostatic ?eld. 

In one preferred form of this invention the electron 
optical system comprises an envelope having a substan 
tially coaxial electrostatic yoke and solenoid extending 
along the envelope intermediate a beam source and a 
target. The solenoid generates a substantially uniform 
magnetic ?eld Within and along the axis of the envelope, 
while the electrostatic yoke generates a variable, electric 
?eld, substantially uniform within the envelope and or 
thogonal to the magnetic ?eld. The electric ?eld can 
simultaneously cause de?ection of the beam along two 
coordinates of the system. The crossed electric and ‘mag 
netic ?elds constitute a “focus projection and scanning” 
or “FPS” cavity in the central portion of the envelope. 
The target, which may be lying in a plane perpendicular 
to the envelope axis, is spaced from one boundary of‘ the 
FPS cavity. The electron beam source including a cross 
over or an aperture forming an object to be imaged on 
a target is located ahead of the FPS cavity. A pre-focus 
lens may be positioned between the aperture and the 
entrance to the FPS cavity. The FPS cavity focuses a 
projected electron image of the system object onto the 
target while simultaneously de?ecting the image across 
the target area in accordance with the signals applied to 
the electrostatic yoke. In applications where near nor 
mal landing conditions are required, the system- is ad 
justed so that the transit time of the beam through the 
cavity causes the dwell phase of the beam to be in its 
third or fourth quadrant of operation. 
While the speci?cation concludes with claims particu 

larly pointing out and distinctly claiming the subject mat— 
ter of this invention, the following description of the 
invention, taken in conjunction with the accompanying 
drawings, should be referred to for better understanding 
of the manner and process of making and using this in— 
vention. 

FIG. 1 is a sectional view along the length of one em 
bodiment of an electron beam tube incorporating the elec_ 
tron focus projection and scanning system of this in 
vention; 
FIG. 2 is a cross section of the electron beam tube of 

FIG. 1 taken along the plane 2—2 in FIG. 1; 
FIG. 3 is a partial sectional view illustrating an ac 

celerating or decelerating electrode in an electron beam 
tube incorporating the focus projection and scanning sys 
tem of this invention; 
FIG. 4 is a sectional view along the length of a second 

embodiment of an electron ‘beam tube incorporating the 
electron focus projection and scanning system of this 
invention; 
FIGS. 5A and 5B are graphical illustrations of the 

characteristics of the electron focus projection and scan 
ning system of the invention; 

FIG. 6 is a partial sectional view of an electromagnetic 
collimation arrangement for use in an electron beam tube 
incorporating the focus projection and scanning system 
of the invention; and 
FIG. 7 is a partial sectional view of an electrostatic 

collimation arrangement for use in an electron beam tube 
incorporating the focus projection and scanning system 
of the invention; 
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FIG. 8 is a sectional view along the length of one em 
bodiment of the FPS electron beam tube in which the 
electron beam between the aperture and the target is 
fully immersed; 

FIGS. 9A and 9B are graphical illustrations of the 
change in the ratio of sweep voltage-to-anode voltage for 
particular raster diagonals with a change in the length 
of the FPS cavity; 

FIG. 10 is a graphical illustration of the relationship 
between the electrostatic de?ectron and scan rotation of 
a beam with a change in the dwell phase of the FPS 
cavity; 
FIG. 11 is a pictorial illustration of the characteristics 

of the FPS system; 
FIG. 12 is a sectional view along the length of another 

embodiment of an FPS electron beam tube having a par 
tially immersed electron beam; 
FIGS. 13A, 13B, 13C, and 13D are graphical illustra 

tions of the characteristics of the FPS electron beam tube 
shown in FIG. 12; 

FIGS. 14A and 14B are sectional views along the 
length of two other embodiments of an FPS electron 
beam tube having a partially immersed electron beam; 

FIG. 15 is a sectional view taken along the longitudinal 
axis of an electrostatic deflection in an FPS system; 
FIG. 16a shows the leaf electrode pattern for an FPS 

de?ectron; 
FIG. 16b shows another embodiment of the leaf elec 

trode pattern; 
FIG. 17 shows another embodiment of this invention 

wherein the FPS system uses a non-rotating magnetic 
lens; 
FIG. 18 is a graphical illustration of the electron beam 

path in the x—y plane of the embodiment shown in 
FIG. 17. 
With reference to FIG. 1, the electron optical system 

of the invention comprises generally an electron beam 
source 1, a focus projection and scanning or FPS cavity 
2, and a target 3 positioned within an elongated envelope 
7 with drift spaces 4 and 5 separating electron beam 
source 1 and target 3 respectively from F-PS cavity 2. 
A pre-focus lens 6 may be positioned within drift space 4. 

Electron beam source 1 includes a large area thermionic 
cathode 8, the emission of electrons from cathode 8 
being controlled by grid electrode 9. The emitted elec 
trons are accelerated by anode electrode 10 which is 
maintained at an appropriate positive potential with re 
spect to cathode 8. An electrode member 11 having a 
de?ning aperture 12 formed therein is positioned adjacent 
anode 10. The aforementioned electrodes are energized 
from appropriate potential sources (not shown). A 
beam cross-over occurs at de?ning aperture 12, the de 
?ning aperture serving as the real object of the electron 
optical system of the invention. The diameter of aper 
ture 12 should be comparable to the desired spot size, 
e.g., about 0.2 mil. Aperture 12 is substantially coinci 
dent with axis 13 of envelope 7. Member 11 is mounted 
in a barrel or cylinder 14 which de?nes the drift space 
between the aperture or real object 12 and the FPS 
cavity 2. The dashed lines identi?ed by reference nu 
meral 15 indicate the pro?le of the beam within the drift 
space 4. Anode 10 and barrel 14 are maintained at the 
same potential V which determines the beam energy. 

Pre-focus lens 6, positioned within drift space 4, may 
be employed to control the beam pro?le within drift space 
4, i.e., the paths of the electrons as they travel toward 
target 3. Pre-focus lens 6, in the embodiment shown, 
comprises an electrostatic Einzel lens 16 energized from 
an appropriate potential source (not shown). Lens 16 
may be employed to‘ converge and focus the electron 
beam at a point 20 within FPS cavity 2 thereby forming 
a real image of de?ning aperture 12 within the cavity. 
By controlling the electric ?eld generated by lens 16, 
the converging effect of lens 16, and hence the distance 
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4 
within cavity 2 at which focus point 20 occurs, may be 
controlled. Lens 16 may also be energized to render the 
electron beam divergent as it enters FPS cavity 2. In 
this mode of operation, described in greater detail with 
reference to FIG. 4, lens 16 produced no focus point or 
real image of de?ning aperture 12 within the FPS cavity 
but produces a virtual image of aperture 12. 
The FPS cavity comprises the central portion of en 

velope 7 and is formed by solenoid 25 and electrostatic 
yoke 26. As used in the speci?cation, the term “central 
portion” means that portion or longitudinal part of the 
envelope 7 extending between the drift spaces 4 and 5. 
Solenoid 25 is positioned over the exterior surface of 
envelope 7, surrounding and axially extending along the 
central portion of the envelope. Solenoid 25 is ener 
gized from an appropriate power supply (not shown) 
connected to terminals 27 and 27’. Solenoid 25 gen 
erates a uniform magnetic ?eld parallel to axis 13 within 
the central portion of envelope 7. A permanent magnet 
may also be used in place of solenoid 25 to provide a 
similar magnetic ?eld. 

Electrostatic yoke 26 is preferably of the type which 
will provide simultaneous horizontal and vertical de?ec 
tion forces on the beam, for example, a system employ 
ing pairs of interleaved horizontal and vertical de?ection 
electrodes. Electrostatic yoke 26 is attached or formed 
on the interior surface of envelope 7, by plating, coating, 
et cetera, and extends along the central portion of en 
velope 7 coextensive with solenoid 25. FIG. 2, which 
is a cross section taken along plane 2--2 of FIG. 1, 
illustrates the location of solenoid 25 and electrostatic 
yoke 26 relative to envelope 7. Electrostatic yoke 26 gen 
crates, in response to appropriate energization at termi 
nal-s 28 and 28’ and 29 and 29’, a rotatable, bi-axial, 
electric ?eld orthogonal to the magnetic ?eld generated 
by solenoid 25 and substantially uniform over the volume 
of FPS cavity 2. The electric ?eld must ‘be essentially 
transverse, i.e., free of any components along axis 13 
which would tend to provide defocusing and rotational 
effects. Solenoid 25 and electrostatic yoke 26 thus gen 
erate crossed electric and magnetic ?elds which are sub 
stantially coextensive within the central portion of en 
velope 7 to form FPS cavity 2. The magnetic ?eld is 
Static whereas the electric ?eld is dynamic, varying in 
accordance with the de?ection signals applied to ter 
minals 28, 28', 29 and 29’. 
The target or screen 3 is positioned at the end of 

envelope 7 opposite electron beam source 1 and lies in 
a plane substantially perpendicular to axis 13. Target 
3 is separated from FPS cavity 2 by drift space 5. 
The focus projection and scanning system of the in 

vention may be used in many cathode ray devices and 
for many applications. For example, the FPS system 
may be employed in high beam intensity micro-spot 
tubes, monochrome or color television projection sys 
tems, vidicon or image orthicon tubes, X-ray tubes, or 
high-power focused-beam tubes for electron machining, 
welding, or contour drilling. Consequently, the nature 
or target 3 will vary. In the beam tube illustrated in 
FIG. 1, target 3 is a conventional target capable of pro 
ducing a visible image upon impingement of an electron 
beam thereon. However, in any of the applications, 
target 3 is spaced from the PFC cavity by drift space 5, 
as previously described. 

In accordance with one mode of operation of the 
electron focus projection and scanning system of the in 
vention, to be described with reference to FIG. 1, the 
electron beam diverges as it emerges from de?ning aper 
ture 12 and progresses through drift space 4 toward FPS 
cavity 2. Pre-focus lens 6 causes the beam to converge 
and refocus at point 20 within FPS cavity 2. The crossed 
electric and magnetic ?elds Within FPS cavity 2 cause 
the electrons of the beam to follow generally cycloidal 
paths within the cavity. The length of one cycloid may 
be measured by the distance between focus points of the 
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beam. The de?ection signals applied to terminals 28, 
28', 29 and 29' of electrostatic yoke 26 determine the 
direction and magnitude of deviation of the electrons 
from axis 13. Dashed lines 30 indicate the boundaries 
of one of the theoretical beam paths within the cavity. 
For this path, a full cycloid is not performed by the beam 
within the cavity, i.e., focus point 20 is not repeated 
within the cavity. However, as a result of the forces 
acting 011 the electrons within FPS cavity 2, the electrons 
converge in drift space 5 to a sharp focus 31 on target 
3. The half-angle a, at the target 3, which is substan 
tially the same as half-angle a2 at focus point 20, is large 
and may be, for example, six times greater than the half 
angle attainable in a conventional optical system of the 
same length. High resolution and high beam current 
density may therefore be obtained without severely lim 
iting the proportion of the available envelope diameter 
over which the beam may be de?ected. In this mode of 
operation, the focus at point 20‘ is thus projected forward 
by the action of the FPS cavity 2 to‘ target 3. 
The projected focus is a real focus and may be accel 

erated or decelerated in the drift space between the FPS 
cavity and the target. For example, acceleration or 
deceleration may be effected by a suitably energized 
coaxial cylindrical spiral of uniform pitch formed on 
the walls of the envelope in the drift space between the 
cavity and the target, such as shown at 32 in FIG. 3. A 
mesh electrode 33 may be provided to terminate the 
?eld due to spiral electrode 34. 
The beam tube of FIG. 4 illustrates a second mode of 

operation of the focus projection and scanning system of 
the invention, viz. the diverging mode. In the FIG. 1 
embodiment, the electron beam in drift space 4 was 
caused to converge as it entered the PFC cavity 2 and 
the electrons were brought to a focus 20 within the cavity 
to form a real image of the de?ning aperture. This 
focus was projected upon and scanned across the surface 
of target 3 by means of the crossed electric and magnetic 
?elds of the cavity. In the mode of operation illustrated 
by the beam tube of FIG. 4, the primary focus lies out 
side of the cavity, rather than being projected into it, 
and the electron beam entering the cavity is diverging 
rather than converging. This mode thus employs a 
virtual image of the de?ning aperture. However, pro 
jection of the primary focus to the target and de?ection 
across the surface of the target is obtained through the 
action of the crossed electric and magnetic ?elds in the 
FPS cavity, as in the mode illustrated in FIG. 1. 
The components of the beam tube of FIG. 4 which 

are common to the FIG. 1 embodiment are identi?ed 
with the same reference numerals in order to facilitate 
description. Thus, the beam tube of FIG. 4 com 
prises an envelope 7, an electron beam source I, mounted 
at one end of the envelope, a target 3 mounted at the 
opposite end of the envelope, and an FPS cavity 2., com 
prising crossed electric and magnetic ?elds generated by 
coextensive solenoid 25 and electrostatic yoke 26, in the 
central portion of envelope 7. Drift spaces 4 and 5 
separate beam source 1 and target 3 respectively from 
FPS cavity 2. 
The portion of the beam tube illustrated in FIG. 4 

differing from the FIG. 1 embodiment is the electron 
beam source which provides a diverging, rather than a 
converging, beam for the FPS cavity. With reference 
to FIG. 4, electron beam source 1 comprises a large area 
cathode 35, an apertured collimating electrode 36, an 
anode 37, a control grid or gate electrode 38, and a 
meniscus electrode 39. Meniscus electrode 39 has a de 
?ning aperture 40 formed therein which serves as the 
real object in the electron optical system of the invention. 
A lens 41 having pre-focusing properties is positioned in 
drift space 4 adjacent FPS cavity 2. The electron beam 
source illustrated is of the type disclosed and claimed in 
U.S. Patent 2,995,676, Schlesinger, and assigned to the 
same assignee as the present invention. 
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In accordance with the second mode of operation of 

the electron focus projection and scanning system of the 
invention, the electron beam diverges as it emerges from 
de?ning aperture 40 and progresses through drift space 
4 toward FPS cavity 2. The beam continues to diverge 
as it enters the cavity, rather than converging as in the 
FIG. 1 embodiment. The half-angle B1 of divergence 
may be adjusted by means of pre-focus lens 41. 
The outline of a theoretical path of the electron beam 

is illustrated by dashed lines 42. The diverging half 
angle B1 at which the electron beam enters FPS cavity 
2 is substantially equal to the converging half-angle B2 at 
which the electrons enter drift space 5 and are focused 
at point 43 on target 3. In the path illustrated by lines 
42, the beam performs only one cycloid from the de 
?ning aperture or real object 40 to point 43 on target 3. 
The cyclotron frequency S2 of the electrons within the 

FPS cavity of FIGS. 1 and 4 is expressed as 

9:713 (1) 
where 
Q=cyclotron frequency 
17=ratio of electron charge to electron mass 
B=magnetic ?eld strength in gauss within FPS cavity 

The dwell time T of the electrons within the FPS 
cavity is expressed by the equation 

Z 
T: —- 2 

a/ZWV ( ) 
where 
l=length of FPS cavity 
V=beam voltage 
The cyclotron phase 6 is expressed as 

Bl Bl a=szT= l -:=.292— 
2 ‘/V W (3) 

For an FPS cavity of given length, the cyclotron phase 
0 and the focus can be adjusted by changing either 
the magnetic ?eld B or the beam voltage V or both, as an 
alternative to varying the energization of pre~focus lenses 
6 and 41 illustrated in FIGS. 1 and 4 respectively. 
The total de?ection of the electron beam within the 

FPS cavity along the x and y axes is given by the equations 

where x0, x0, and yo, 'y, are the position and velocity co 
ordinates at the cavity entrance and E is the electric 
?eld strength. The de?ection D at the cavity exit is thus 
given by 

De?ection sensitivity, or the ratio of the de?ection D 
in the FPS cavity obtained with a given de?ection volt 
age to the de?ection Do obtained in an all-electrostatic 
system with the same de?ection voltage, is expressed as 

1-005 6 sin 0 
’_ ‘ 

2 — 1-1 2 02 2 

D0 9/2 (7) 
The angle of rotation p of an electron image within 

the FPS cavity is given as 

z _1 g): _1(0—sin 6) '0 tan (x tan 1—cos0 (8) 
These characteristics of the FPS system of the inven 

ti on are illustrated in FIGS. 5A and 513. FIG. 5A shows 
the de?ection sensitivity of the system as a function of 
cyclotron phase. FIG. 5B illustrates image rotation in the 
FPS system of the invention as a function of cyclotron 
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phase. Image rotation is approximately one-third of cy 
clotron phase. _ 
Optimum anastig-matic FPS operation has been achieved 

with cyclotron phases between 110° and 140°. Truly 
anastigmatic images are obtained at cyclotron phrases of 
115° and 135°. As illustrated in FIGS. 5A and 5B, 
the de?ection sensitivity and image rotation for a cyclo 
tron phase of 115° are 861% and 38° respectively while 
for .a cyclotron phase of 135° they are 83% and 43° re 
spectively. The cyclotron phase angle of 135° exhibits the 
shorter focal length and is the preferred operating con 
dition. At this .phase angle, the electron beam performs 
135° of its 360° cycloid within the FPS cavity. The 
required magnetic ?eld strength for a cyclotron phase of 
135° can be calculated from the Equation 3 as 

W W" 
B-3.33-T0+7.8 l (9) 

The relationship between the lengths of drift spaces 
4 and 5 and cavity 2 is expressed by the equation 

Sin 6 

_a+l 0 
'_ —cos 0 (10) 

where 

a=length of drift space 4 
b=length of drift space 5 
l=length of FPS cavity 2 
Since the denominator of Equation 10 is —cos 0, :b is 
positive, and hence the beam leaving the FPScavity 1s 
converging, only if 9 lies in the second or third quad 
rant. Since for preferred FPS operation, cyclotron phase 
6 is maintained between 110° and 140°, 1; is positive and 
the condition for outward projection of a focus beyond 
the cavity is satis?ed. . 
The focus projection and scanning system of the in 

vention, illustrated in FIGS. 1 and 4 in different modes 
of operation, permits simultaneous de?ection of the elec 
tron beam along both the horizontal and vertical axis of 
the target. In addition, scanning and focusing are ac 
complished simultaneously in the system of the inven 
tion. A shorter tube structure than heretofore obtaln 
able in systems employing sequential scanning or se 
quential scanning and focusing may therefore be em 
ployed. Because of the simultaneous scanning iand'focus 
ing in the system of the invention, the optical distance 
from the lens to the target may be shorter than the de 
?ection structure whereas if scanning is performed after 
focusing, the optical distance from the lens to the tar 
get must be greater than the de?ection structure. The 
shorter optical length between the lens and the target in 
the system of the invention permits the converging elec 
tron beam to have a larger half-angle at the target and 
therefore greater power density at the focus point on the 
target. The compromise between brightness and resolu 
tion in prior art beam tubes is thereby obviated. 
The focus projection and scanning system of the inven 

tion conserves focus of the image during de?ection over 
the surface of the target and can scan 83% of the tube 
diameter with very little edge defocusing and scan dis 
tortion. The adjustable pre-focus lens in the drift space 
adjacent the cavity input provides a means for exactly 
focusing the real object on the target. Alternately, the 
magnetic ?eld strength or the beam voltage may be ad 
justed for this purpose. 
The focus projection and scanning system of the in 

vention employs no beam-intercepting apertures in the 
FPS cavity. Thus, minimum loss of beam current is ex 
perienced. 
Beam landing on the target is substantially orthogonal 

since the beam subjected to the crossed electric and mag 
netic ?elds in the FPS cavity emerges from the cavity 
after de?ection in a path displaced from but parallel to 
the reference axis. Minor deviations may be corrected 
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8 
by post-accelerating the beam between the cavity and 
the target, as described with reference to FIG. 3. Post 
cavity collimation is preferably effected magnetically by 
extending the solenoid beyond the FPS cavity, as indi 
cated at 50 in FIG. 6, but may also be accomplished 
electrost-atically by a suitably energized spiral lens 51 
located in the drift space between the FPS cavity and 
the target, as shown in FIG. 7. 

Thus, it will be evident that the present invention pro 
vides a system for projecting a focus point of an electron 
beam forward to a target to obtain high resolution and 
brightness while simultaneously permitting controlled de 
?ection of the beam across the area of the target. Power 
requirements, size, and weight are minimized. The focus 
projection and scanning system of the invention is analo 
gous to a short magnetic lens moving in a plane parallel 
to the target and projecting an image of the real object 
on the target, the lens serving to move the image in two 
dimensions on the target. 
The focus projection and scanning system of the inven 

tion is a building block and has application in many types 
of electron beam apparatus, e.g., image orthicons, vidi 
cons, electron beam machining, welding and contour drill 
ing apparatus, projection television apparatus. With re 
spect to primary color television tubes, it is important to 
note that the electron beam need not be on the central 
axis of the tube as it enters the FPS cavity. It may enter 
the cavity at a point radially spaced from the axis and 
will undergo cycloidal de?ection and emerge from the 
cavity in a path parallel to the axis for ultimate orthogonal 
landing on the target. Thus, a plurality of independent 
beams can be passed through the FPS cavity simulta 
neously, each being simultaneously de?ected in its own 
raster by the same de?ecting ?eld prior to impingement on 
color sensitive portions of the target. 
As described above, there are particular advantages of 

operating an FPS system in its second quadrant with the 
dwell phase varying between 110° and 140°, in its weak 
focusing mode of operation. However, for some applica 
tions of the FPS system it has been found to be advan 
tageous to operate with the dwell phase in its third and 
fourth quadrants, in its strong focusing mode of oper 
ation. 

Referring now to FIG. 8, an FPS electron optical sys 
tem is shown in which the focusing solenoid covers the 
entire system length. This system generally comprises an 
electron beam source 102, an FPS cavity 104, and a 
target 106 contained within an elongated envelope 108. 

Electron beam source 102 includes a large area ther 
mionic cathode 110 and a grid electrode 112 which con 
trols the emission of electrons from the cathode 110. 
Emitted electrons are accelerated by an anode electrode 
114 which is maintained at an appropriate positive poten 
tial with respect to the cathode 110. An electrode mem 
ber 116 having a spot de?ning aperture or object aperture 
118 of one mil or less formed therein is positioned adja 
cent the anode 114 at one end of the FPS cavity 104 so 
that there is no drift space between the electrode 116 and 
‘the FPS cavity. The aforementioned electrodes are ener 
gized from appropriate potential sources which are now 
shown. An electron beam cross over may occur at a 
de?ning aperture 118, or else the aperture may itself be 
made small enough to serve ‘as the real object of the elec 
tron optical system. The aperture 118 is substantially 
coincident with axis 120 of the envelope 108. The dashed 
lines identi?ed by reference numeral 122 de?ne the prin 
cipal ray of the electron beam for the case where the 
beam is focused from the aperture 118 to a substantially 
norm-a1 landing condition at the target 106. 
The FPS cavity comprises the portion of the envelope 

108 which is de?ned by crossed ?elds generated by a sole 
noid 124 and an electrostatic yoke 126. The solenoid 
124 is positioned over the exterior surface of the envelope 
108, surrounding and axially extending along this portion 
of the envelope. The solenoid 124 is energized from an 
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appropriate power supply (not shown) connected to ter 
minals 128. The solenoid 120 generates a uniform mag 
netic ?eld parallel to the axis 120 within the FPS cavity 
104. A permanent magnet may also be used in place of 
the solenoid 124 to provide a similar magnetic ?eld. 
The electrostatic yoke 126 is preferably of the type 

which provides a substantially uniform electric ?eld which 
can de?ect the beam along two coordinates of the system 
simultaneously and from a common center. This may be 
achieved by employing a printed circuit with pairs of 
interleaved horizontal and vertical de?ection electrodes of 
a particular shape. The electrostatic yoke 126, which may 
be mounted within the interior surface of the envelope 
100 in any convenient manner, is coextensive with the 
solenoid 124 to form the FPS cavity 104. In response 
to appropriate energization at terminals 130 and 132, the 
electrostatic yoke 126 generates a rotatable, biaxial, elec 
trical ?eld orthogonal to the magnetic ?eld generated by 
the solenoids 1211» and substantially uniform over the vol 
ume of the FPS cavity 104. The electric ?eld must be 
essentially transverse, i.e., free of any components along 
the axis 120 which would tend to provide defocusing and 
rotational effects. The solenoid 124 and the electrostatic 
yoke 126 thus generate crossed electric and magnetic 
?elds which are substantially coextensive and thereby 
forming the FPS cavity 104. The magnetic ?eld is static, 
whereas the electric ?eld is dynamic, varying in accord 
ance with the de?ection signals applied to the terminals 
130 and 132. 
A low resolution mesh 134 is positioned at the end of 

the FPS cavity 104, adjacent the target 106, to terminate 
the ?elds within the cavity. The target or screen 106 and 
the mesh 134 terminate the FPS cavity 104 so that the 
solenoid 124 covers the entire electron optical system 
length, leaving no ?eld-free spaces at either side of the 
FPS cavity. The target 106 itself lies in a plane substan 
tially perpendicular to the axis 120. 
As described above, the focus projection and scanning 

system may be used in many cathode ray devices and for 
many applications. The FPS system may be employed 
in high beam intensity micro-spot tubes, monochrome or 
color television projection systems, vidicon and orthicon 
television camera tubes, X-ray tubes, or high~power 
focused-beam tubes for electron machining, welding, or 
con-tour drilling. Thus, the nature of the target 106 will 
vary. However, the tube shown in FIG. 8 is a vidicon 
in which the target 106 is of the type which is capable of 
producing a visible image upon impingement of an elec 
tron beam thereon. While the target 106 is immediately 
adjacent its end of the FPS cavity without an appreciable 
drift space between it and the cavity, this may not be 
desirable for some applications of this invention. 
The expression for the cyclotron frequency S2 of the 

electrons within an FPS cavity is expressed in Equation 1, 
the dwell time T of the electrons within the FPS cavity 
is expressed in Equation 2, While the cyclotron phase 0 
is expressed in Equation 3. For an FPS cavity of given 
length l in centimeters the cyclotron phase 6 and the 
focus can be adjusted by changing either the magnetic 
?eld B in gauss or the beam voltage V or both. As an 
alternative, this invention discloses that focus can also 
be adjusted by varying the power of a separate weak pre 
focus lens which may be located ahead of the FPS cavity. 

Assuming that there is an electric ?eld T13, is in the y 
direction, the path equations of the electron beam within 
the FPS cavity are expressed by the equations, 

x=R(0-sin 0) (ll) 
y=R(l—cos 0) (12) 

z=l -t/ T (13) 
where 

R=Fy/QB (14) 
t=flight time of an electron within the EPS cavity 
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The de?ection D of the electron beam at the cavity exit 

is thus expressed in Equation 6. The de?ection sensitivity 
or scan-compression ratio k, i.e., the ratio of de?ection D 
obtained in the presence of a magnetic ?eld to the de?ec 
tion D0 obtained in its absence, both with the same deflec 
tion voltage, is expressed in Equation 7. The angle of 
rotation p of an electron image within the PPS cavity is 
given in Equation 8. 
These characteristics of the FPS system are illustrated 

in FIG. 10 wherein the functions k and p are plotted in 
polar coordinates. During the ?rst three quadrants of the 
dwell phase 0, scan rotation is the dominant effect of a 
change in the dwell phase, with scan compression amount 
ing to no more than over 40% of the ?rst three quadrants. 
During the fourth quadrant, however, scan rotation slows 
down, and scan de?ection begins to drop off. From 
Equation 7 it can be seen that at 0:360” scan compres 
sion is down to l/1r or 32% of its electrostatic value. 
The FPS cavity becomes strongly focusing. At 6:360”, 
where the FPS cavity becomes strong focusing, the scan 
rotation is 90° and no longer changes with small varia 
tions of focus current which produce small changes in 
the dwell phase 0. This is an important feature because 
it provides for the varying of focus current without un 
desirable image rotation. 
Assuming that the FPS solenoid is the only electron lens 

in the FPS electron optical system, the focusing condition 
uniquely determines the dwell phase 0 occurring in PPS 
cavity. Electron Trigonometry supplies the expression 
for focusing 

(15) 
where 

azthe length of any object drift space upstream of the 
FPS cavity 

b=the length of any image drift space downstream of the 
FPS cavity 

lzlength of FPS cavity 

The system magni?cation M can thus be expressed by 
the equation 

/1+ b 0 2 

11 6 2 

1+(Ti (16) 
where a=b, M is unity for any value of 0. When the 
target 1106 is very close to the FPS cavity exit, b=0 and 
the magni?cation M becomes 

M=cos 0/2 (17) 
Hence the system becomes demagnifying, especially 

where the FPS system is operated with 0 in the third 
quadrant, and this feature is particularly desirable when 
a high-resolution electron optical system is desired. 

Furthermore, the landing error ,6, de?ned as the angle 
between electron beam impact on a target and the normal 
to-a-target is given by the expression 

tan ,B= 2 for t=T 
(18) 

This expression can be evaluated by using the Equa 
tions 11, 12 and 13. This landing-error [3 is undesirable 
in a camera tube since it causes shading effects of the type 
referred to as “port-hole effects.” 

In the present embodiment, the de?ning aperture 118 
is immediately adjacent the cavity entrance. Therefore, 
referring to Equation 15, a and b are zero; 0~_—_211- or 360°. 
From Equation 18 it can be seen that the landing error 
,8 is theoretically zero. Furthermore, Equation 17 shows 
that the magni?cation is unity for this condition once the 
FPS system has been brought into focus. The resolution 
is comparable to that of a conventional magnetic vidicon 
having the same target size and voltage. 
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FIG. 11 shows the results of some tests using an FPS 
vidicon. Row 1 depicts scan rotation, row 2 depicts scan 
compression, and row 3 depicts scan resolution of an 
FPS vidicon having various modes of operation. These 
tests were made with a vidicon wherein the dwell phase 
6 can ‘be varied from zero to 360°. Column A shows the 
operation of a vidicon where solenoid current equals zero 
and thus the dwell phase 0:0, with electrostatic focus 
accomplished ‘by an Einzel type lens, ahead of the FPS 
cavity. Column B represents the tests of a vidicon hav 
ing a mixed-focus by an Einzel type lens and a solenoid 
such as shown in the above-cited application. The dwell 
phase 0 is approximately 135°. Column C portrays an 
all-magnetic focus with the Einzel lens shorted out. Thus, 
the dwell phase 9:360“. During all of these tests, the 
output-current remained constant. 
For some applications of the FPS electron optical sys 

tem, a strong magnetic focusing system having a dwell 
phase 6 of less than 360° may be more advantageous. 
Referring to FIG. 10‘, and to Equation 7, the de?ection 
sensitivity k, or the ratio of de?ection D with the magnetic 
?eld B on to the de?ection Do with the magnetic ?eld B 
01f, increases as the dwell phase decreases from 360°. 
Furthermore, the sweep voltage eH needed for a vidicon 
having a given anode voltage Va is given ‘by the de?ection 
percentage equation 

( 1 9) 

where 
A=sweep-diagonal of the vidicon raster 
d=the diameter of the electrostatic yoke or De?ectron 
K0=scan compression by the magnetic ?eld at some dwell 

phase 
l=length of the de?ection 

This equation is plotted in FIG. 9 for various lengths 
of the FPS cavity. The table shown in FIG. 9 gives the 
diameter d and yoke size of which the graphs were 
plotted. Graph 0 shows that the use of a conical, rather 
than a cylindrical, yoke pro?le gives some relief {from 
the high sweep voltage requirements of a larger diagonal 
raster. The results show that by using this strong mag 
netic focusing a minimum FPS cavity length of 31/2 inches 
is required to keep de?ection voltages at conveniently low 
levels. 
The electron optical system shown in FIG. 12 may be 

advantageously utilized to increase the overall perform 
ance of the FPS systems. Basically, the system of FIG. 
12 comprises a conical electrostatic de?ection electrode 
136 located within the solenoid 124 and of equal length 
l therewith. Electrostatic de?ection includes the advan 
tage of being operative with only a small amount of 
electrical energy. 
The terminals 128 of the solenoid 124 are connected 

through a double-pole, double-throw switch 127 to a 
battery 129 which energizes the solenoid. The switch 
127 may ‘be used to reverse the polarity of the magnetic 
?eld ‘generated by the solenoid. This may be advanta 
geous, as more fully explained below in conjunction with 
FIG. 8. As an alternative, a permanent magnet may also 
be used and may ‘be physically turned to provide the 
preferred ?eld polarity. 

This system also includes an object distance or drift 
space 131 having a length shown as “a.” An Einzel type 
lens 133 provides a means [for ?ne focusing adjustment 
of the electron beam 122. An electrode 135 having a 
spot de?ning aperture 137 is located at one end of the 
drift space 131 adjacent the electrode 112. An electrode 
139 having a beam de?ning aperture 141 ‘is located at the 
other end of the drift space 131. The presence of the 
drift space 131, non-immersed in the FPS cavity, aids in 
reducing the dwell phase 0 of the beam inside of the 
beam inside of the FPS cavity 104. The spot de?ning 
aperture 137 may have a diameter of 60 mil. Further 
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12 
more, the electrodes 135 and 139 may be insulated from 
the Einzel type lens 133 and the conical de?ection elec 
trode 136 by insulating members 143. 
The lens or cylinder 133 may be connected through a 

terminal 133' to a source of ?ne focusing voltage (not 
shown). For present purposes the ?ne focusing voltage 
does not differ much from the voltage at the anode elec 
trodes 135 and 139, which may be interconnected. 
Electrostatic ?ne focusing does not produce the undesira 
ble image rotation which occurs with magnetic ?ne 
focusing. 

FIG. 13 is referred to for an analysis of the operation 
of an FPS vidicon tube shown in FIG. 12. The results 
are shown in FIG. 13 as functions of the ratio of the 
length of the drift space “a” to the length of the FPS 
cavity 1 of a ‘given length. Hence, data ‘given for a/I=0 
describes the performance of an FPS vidicon operating 
in the orthicon-mode, that is when the dwell phase 6:0. 
FIG. 13A shows the resolution of a vidicon measured in 
television lines, FIG. 13B shows beam-de?ection meas 
sured in voltage per electrode to obtain a prescribed beam 
de?ection, FIG. 13C shows the strength of the magnetic 
?eld needed to focus the electron ‘beam, and FIG. 13D 
shows the circular shading or “porthole effects” measured 
in noise voltage VT per anode voltage Va. The most 
striking effects of the addition of the drift space 131 are 
the considerable ‘gains in resolution, as shown in FIG. 
13A, and the beam de?ection economy, shown in FIG. 
1313. The resolution increases from 620 television-lines 
per-inch to 800 lines, and the de?ection demand is cut 
in half. Furthermore, there is a saving in focusing power 
due to the marked reduction in magnetic ?eld needed for 
focusing the electron beam, as shown in FIG. 13C. 

In some instances the above advantages are attendant 
with some increase in shading signal VT. This shading 
signal increases at a more than linear rate as the length 
“a” of the drift space 131 increases. However, experience 
has shown that the resulting circular shading is virtually 
unnoticeable in practice over the entire range of a/l con 
sidered in FIG. 13. 
The foregoing description, particularly that associated 

with resolution, indicates the greater advantages of prac 
ticing this invention with values of 0 in the third quadrant 
of the FPS system of operation, for example at or about 
the point where the dwell phase 0:270". 

For some applications of this invention where landing 
conditions are not a primary concern, systems in which 
the a/l ratio does not conform with FIG. 13 may be of 
value. Thus the system in ‘FIG. 14A, in which the 0/1 
ratio is 2, has been used for beam welders. A system 
such as that shown in FIG. 14B, wherein the effective 
length of “a” has been increased by a spiral winding 145 
such as that described in Transactions of the I.R.E., vol. 
ED. 9, #3, May 1962, may also be used. 

FIG. 15 shows a type of electron beam de?ection sys 
tem which may be suitably employed in the FPS system. 
Within a glass tube blank 138, a conical electrostatic de 
?ection electrode system is illustrated as having an axis 140 
and a pair of electron beam paths 142 and 144. The elec 
trons ?ow from an aperture end 146 of the blank 138 to a 
target end 148 of the blank. In FIG. 16 the electrostatic 
de?ection system is developed into a plane to illustrate one 
example of a pattern of a printed circuit. The electrode 
leaves 150 may be printed as sinusoids or other types 
known in the art. In FIGS. 16 and 16B the wave length 
in the axial direction is not constant but is graded in such 
a manner that it is proportional to the proximity between 
beam and the yoke envelope. This kind of pattern is re 
ferred to as graded pitch geometry. The pitch is graded 
to avoid fringe ?eld effects which occur when, as shown in 
FIG. 15, the electron beam approaches the wall carrying 
the electrostatic de?ection electrodes. FIG. 16A shows 
the projection of three electron paths 152, 154, and 140, 
onto the plane of development of the electrostatic de?ec 
tion electrode system. In the absence of a magnetic ?eld, 
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the electron beam follows the path 140. If, however, a 
magnetic ?eld is present, the beam rotates as it is being 
de?ected, following either the path 152 or the path 154, 
depending upon the polarity of the ?eld. Within the 
electrostatic de?ection ?eld, the beam is affected by a 
force proportional to the integral with respect to time of 
the areas of alternating potential seen by it as it passes 
the printed electrodes. FIG. 16A shows that this charge 
integral is different along each of the paths 152 and 154 
since each of the paths crosses different portions of the 
electrode leaves 150. If the beam path is far enough away 
from the wall, the force generated by the De?ectron is 
uniform, and the effects of the differences in beam paths 
can be ignored. However, this condition only occurs 
where there is suf?cient space to house an electrostatic de 
?ection system having its walls at least a prescribed dis 
tance away from the beam along the entire beam path. 
In many practical applications space is at a premium and 
the electrostatic de?ection system must be as small as pos 
sible. 

FIG. 15 is referred to with regard to a reason for hav 
ing the pattern of the electrostatic de?ection electrodes 
graded near the exit end. Studies of the ?elds Within 
electrostatic de?ection systems of the kind illustrated and 
described have shown that they are uniform within a 
large portion of the system starting from the axes. How 
ever, there is a fringe ?eld area near the walls of the sys 
tom where the ?eld is not uniform. The depth of the 
fringe ?eld varies in proportion to the wavelength A of 
the electrode leaves printed on the tube Walls. If W is 
the depth of the fringe ?eld, then the relationship between 
it and the wavelength A of the printed wall electrodes is: 

Since the electrons in an FPS system built to minimize 
required space approach the wall of the electrostatic de 
?ection system toward the exit or target end 148, the beam 
moves into the fringe area of the electrostatic de?ection 
?eld. If the wavelength of the printed wall electrodes is 
varied, the fringe ?eld moves closer the tube wall of the 
electrostatic de?ection system and its effects are minimized. 

Even where there is su?icient space to position an elec 
trostatic de?ection system of such a size that the polarity 
of the magnetic ?eld has no appreciable effect upon the 
forces applied to the beam, one of the magnetic ?eld po 
larities has been found more favorable than the other 
from a distortion standpoint. Thus, FIG. 12 shows a 
double pole, double throw switch 127 as a means for re 
versing the polarity of the ?eld of the solenoid 120. The 
preferred polarity depends upon the direction which the 
wall electrode pattern follows at the start of the pattern. 
Thus, a pattern wound in a righthanded manner may have 
a preference for one polarity, for example a north polarity 
of the magnetic ?eld, while a lefthand wound helix may 
have a preference for a magnetic ?eld having the other 
polarity. 

The dependency upon the polarity of the magnetic ?eld 
is minimized if the beam enters the electrostatic de?ection 
system or ?eld in a path orthogonal to the ?rst cycle of 
the printed wall electrode leaves, or as close to this con 
dition as is practically possible. Thus, it is at times more 
advantageous to make the input wavelength of the electro 
static de?ection ?eld smaller than the wavelength of the 
printed wall electrodes in the middle portion of the electro 
static de?ection system, particularly where the system 
must be mounted within a narrow envelope. FIG. 16A 
shows a con?guration of this type. The printed wall elec 
trodes of this system may have a graded pitch pattern 
wherein the wavelength of the printed wall electrode-leaves 
is smaller at both ends and larger in the center portion, 
as illustrated in FIG. 1633. FIG. 1613 also illustrates one 
embodiment of this invention where optimum results were 
desired from an extremely small electron de?ection system. 
The wavelength of the printed wall electrode leaves was 
varied from one-half inch near the entrance end of the 
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de?ection system, to ?ve-eighths of an inch nearer the 
center portion of the de?ection system, to three-eighths 
of an inch at the exit or target end of the deflection system. 
FIGS. 17 and 18 illustrate an embodiment of this in 

vention in which an FPS electron optical system operates 
in a non-rotating (NR) mode. The structure of the elec 
tron beam source M2, the envelope 1%, and the target 
1% may be of any of the types disclosed above. How 
ever, the NR type of FPS system also includes a non 
rotating magnetic lens 156 which in the present embodi 
ment is shown, for illustrative purposes, as three similarly 
wound solenoid sections 58, 6t) and 62 of equal length. 
Each of the solenoid sections in the non-rotating lens 56 
has an equal number of turns. The non-rotating lens 
156 is energized by a single current source comprising a 
battery 164 and a rheostat 166, by interconnecting the 
sections such that 58 and 6% are energized in opposition 
to 62. Since the same current ?ows through each of the 
sections, each has the same number of ampere turns (NI). 
Assuming that the polarity of the ?elds generated by the 
sections 158 and 166 is positive or north seeking, the 
magnetic ?eld generated by the section 162 is negative or 
south seeking, 

FIG. 18 is a graphical explanation of the operation of 
the FPS system in the non-rotating mode. This ?gure 
shows the path of the electron beam in an x y plane 
looking into the tube from the target end, along the z 
axis. The point A at the origin of the x—y coordinates 
represents the object aperture of the PPS system from 
which the ‘beam originates. The electrostatic ?eld E gen 
erated for the system is directed along the positive y 
axis. If no magnetic ?eld were generated the beam would 
be de?ected along the positive y axis. In the mixed ?eld 
condition of the FPS system, operating in the rotating 
mode, the beam follows a cycloidal path ABD. However, 
when the FPS system operates in the non-rotating mode, 
the beam follows the cycloidal path AB while it travels 
through the sections 158 and 160. At point B the beam 
enters into an opposing magnetic ?eld generated by sec 

tion 162 which changes its sense of rotation. The now follows a trochoidal path from point B to C. The 

trochoidal turns in a counterclockwise direction so that 
the beam returns to the y axis, making it appear to have 
been de?ected along the y axis without any rotation. 
The length of the de?ection AC for FPS system oper 

ating in the non-rotating mode has been found to be 
around 27% greater than the length of de?ection AD for 
an FPS system operating in the rotating mode. This in 
dicates that the non-rotating mode has a greater de?ec 
tion sensitivity than does the rotating mode. The non 
notating mode has been found. to produce a larger scan— 
ning spot from an object aperture of a given size than 
does the rotating mode of operation, while having reso 
lutioned power at least as good as that of the rotating 
mode. 
The reversal in polarity of the ?eld between the sec 

tions 160 and 162 causes a discontinuity in the ?eld there 
between. Where a proper focus is to be obtained in an 
FPS system of a given length, a stronger magnetic ?eld 
is required with the nOn~r0tating mode of operation than 
with the rotating mode. 

This invention is not limited to the particular details of 
the preferred embodiments illustrated, and it is contem 
plated that various modi?cations and applications will 
occur to those skilled in the art. It is therefore intended 
that the appended claims cover such modi?cations which 
do not depart from the direct spirit and scope of this in 
vention. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
1. An electron optical system for focusing and de 

?ecting an electron beam comprising: 
(a) an envelope structure; 
(b) magnetic ?eld means for generating a substantially 



3,319,110 
15 

uniform magnetic ?eld within and along an axis of 
said envelope; 

(0) electric ?eld means for generating a variable, sub 
stantially uniform electric ?eld within said envelope 
which can cause de?ection of the beam along two 
coordinates of said system, said electric ?eld being 
generated orthogonal to said magnetic ?eld; 

(d) an electron beam source positioned in said en 
velope, said source comprising means for directing a 
beam of electrons through said ?elds and means for 
forming the object of said electron optical system; 

(c) a target positioned in said envelope opposite said 
electron beam source; and 

(f) said magnetic ?eld means and said electric ?eld 
means causing said magnetic and electric ?elds to 
cross within said envelope to form a focus projection 
and scanning cavity which simultaneously projects a 
focused image of said system object upon said tar 
get ‘and scans it across the surface of said target. 

2. The electron optical system according to claim 1 
which is adjusted so that the transit time of the electrons 
across said cavity causes a dwell phase angle of the beam 
equal to or less than 180°. 

3. The electron optical system according to claim 1 
which is adjusted so that the transit time of the electrons 
across said cavity causes a dwell phase angle of the beam 
to have an approximate value between 110° and 140°. 

4. The electron optical system according to claim 1 
which is adjusted so that the transit time of the electrons 
across said cavity causes a dwell phase angle of the beam 
equal to or greater than 180°. 

5. The electron optical system according to claim 1 
which is adjusted so that the transit time of the electrons 
across said cavity causes a dwell phase angle of the beam 
to approximately equal 360°. 

6. The electron optical system according to claim 1 
which is adjusted so that the transit time of the electrons 
across said cavity causes a dwell phase angle of about 
the beam in the ‘range of 270° to about 360°. 

'7. An electron optical system of claim 1 which includes 
a drift space between said beam source and said cavity. 

8. The electron optical system of claim 7 in which the 
length of said drift space is in the approximate range of 
from .1 to .5 times the length of said cavity. 

9. The electron optical system according to claim 1 in 
which a pre-focus lens is interposed between said source 
and said cavity, said lens being energized to control the 
angle of convergence or divergence of the electron beam 
entering said cavity in said envelope. 

10. The electron optical system of claim 1 in which 
said means for generating a substantially uniform mag 
netic ?eld comprises a solenoid surrounding said cavity. 

11. The electron optical system according to claim 1 
in which said means for generating said electric ?eld com 
prises an electrostatic yoke surrounding said cavity. 

12. The electron optical system according to claim 11 
in which the shape of said yoke is a truncated cone. 

13. The electron optical system of claim 11 in which 
said yoke including elect-rode leaves of a sinusoidal con 
?guration having a pitch which is graded in accordance 
with the proximity of the beam to the walls of said yoke. 

14. The electron optical system of claim 11 in which 
said yoke includes electrode leaves of a sinusoidal con?gu 
ration which is graded in such a manner that electron 
beam enters said yoke in a path substantially orthog 
onal to the ?rst cycle of said electrode leaves. 

115. The electron optical system of claim 1 which 
includes collimation means for affecting the path of the 
beam between said cavity and said target. 

16. The electron optical system of claim 15 in which 
said collimation means is magnetic. 

17. The electron optical system of claim 15‘ in which 
said collimation means is electrostatic. 

18. The electron optical system of claim 1 which in 
cludes electron beam accelerating means active at the 
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boundaries of the space between said cavity and said 
target. 

19. The electron optical system of claim 1 which in 
cludes electron beam decelerating means active at the 
boundaries of the space between said cavity and said 
target. 

20. The electron optical system of claim 1 wherein 
said electron beam source includes a de?ning aperture 
which forms said system object. 

21. An electron optical system for focusing and de 
?ecting an electron beam comprising: 

(a) an envelope structure; 
(b) non-rotating magnetic ‘lens means for generating a 
magnetic ?eld within and along the axis of said en 
elope; 

(c) electric ?eld means ‘for generating a time variable, 
substantially uniform electric ?eld within said en 
velope which can cause de?ection of the beam along 
two coordinates of said system, Said electric ?eld 
being generated orthogonal to said magnetic ?eld; 

(d) an electron beam source positioned in said en 
velope, said source comprising means for directing 
a beam of electrons through said ?elds and means 
for forming the object of said electron optical sys 
tem; 

(e) a target positioned in said envelope opposite the 
electron beam source; and 

(f) said non-rotating magnetic lens means and said 
electric ?eld means causing said magnetic and elec 
tric ?elds to cross within said envelope, thereby 
forming a focus projection and scanning cavity 
which simultaneously projects a focused image of 
said system object upon said target and scans it 
across the surface of said target. 

22. The electron optical system of claim 21 in which 
said non-rotating magnetic lens comprises two sections 
which generate magnetic ?elds opposite in polarity to 
each other. 

23. An electron optical system for focusing and de 
?ecting an electron beam comprising: 

(a) an envelope; 
(b) an electron beam source positioned at one end 

of said envelope, said source comprising means for 
directing a beam of electrons through a portion of 
said envelope and means for forming the object of 
said electron optical system; 

(c) a target positioned in a plane perpendicular to the 
axis of said envelope at the end of said envelope 
opposite said electron beam source; 

(d) means for generating a focus projection and scan 
ning cavity within said envelope for focusing a 
projected image of said system object upon said 
target and scanning it across the surface of said 
target; 

(e) the last mentioned means including solenoid means 
surrounding said cavity for generating a substantially 
uniform magnetic ?eld within said cavity and parallel 
to the axis of said envelope; 

(f) said last mentioned means also including an electro 
static yoke positioned within said envelope for gen 
erating a time variable, substantially uniform electric 
?eld within said envelope which can cause de?ection 
of the beam along two coordinates of said system, 
said electric ?eld being generated so that it crosses 
said magnetic ?eld within said cavity transverse to 
said magnetic ?eld. 

24. The electron optical system of claim 23 in which 
an electrostatic pre-focus lens is interposed [between said 
system object and said cavity, said lens being energized 
to control the angle of divergence or convergence of the 
electron beam entering said cavity. 

25. The electron optical system of claim 23 wherein 
said electron beam source includes a de?ning aperture 
which forms said system object. 
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26. The electron optical system of claim 23 in which 
said yoke includes electrode leaves of a sinusoidal con 
?guration having a pitch which is graded in accordance 
with the proximity of the beam to the walls of said 
yoke. 

27. The electron optical system according to claim 
23 which is adjusted so that the transit time of the 
electrons across said cavity causes a dwell phase angle 
of the beam having a value approximately between 110° 
and 140°. 

28. The electron optical system according to claim 23‘ 
which is adjusted so that the transit time of the electrons 
across said cavity causes a dwell phase angle of the beam 
approximately equal to 360°. 

29. The electron optical system according to claim 23 
which is so adjusted that the transit time of the electrons 
across said cavity causes a dwell phase angle of about 
the beam in the range of 270° to about 360°. 

30. The electron optical system according to claim 23‘ 
wherein said solenoid means forms a non-rotating mag 
netic lens which generates said magnetic ?eld. 

31. An electron optical system for focusing and de 
?ecting an electron beam comprising: 

(a) an envelope; 
(b) means for generating a substantially uniform mag 

netic ?eld parallel to the axis of said envelope and 
within the central portion of said envelope; 

(c) means for generating a rotatably variable, sub 
stantially uniform biaxial, electric ?eld Within said 
central portion of said envelope coextensive with and 
orthogonal to said magnetic ?eld; 

(d) means including a de?ning aperture spaced from 
said central portion of said envelope for generating 
and projecting an electron “beam into said central 
portion and focusing said beam at a point within 
said central portion; and 

(e) a target positioned in a plane perpendicular to 
the axis of said envelope at the end of said envelope 
opposite said de?ning aperture and spaced from said 
central portion of said envelope, said focus point 
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within said central portion being projected onto said 
target and scanned across the surface of said target 
through the action of said electric and magnetic 
?elds. 

32. The electron optical system of claim 31 wherein 
said means including a de?ning aperture generates and 
projects an electron beam at a predetermined converging 
half angle into said central portion for converging said 
electron beam from said central portion toward said target 
at a half angle substantially equal to said predetermined 
half angle. 

33‘. The electron optical system of claim 31 wherein 
said means including a de?ning aperture generates and 
projects an electron beam into said central portion at a 
predetermined diverging half angle for converging said 
electron beam from said central portion toward said 
target at a half angle substantially equal to said prede 
termined half angle. 

34. The invention as recited in claim 18 wherein said 
acceleration and deceleration means is a spiral electrode 
lens between said cavity and said target for the passage 
of electrons axially therethrough. 

315. The invention as recited in claim 34 wherein each 
said spiral is a cylindrical spiral, and a transverse mesh 
electrode is positioned at the end of said cylindrical spiral 
remote from said target. 

References Cited by the Examiner 

UNITED STATES PATENTS 
9/1953 McGee __________ __ 315-45 X 

OTHER REFERENCES 
Schlesinger: “Progress in the Development of Post Ac 

celeration and Electrostatic De?ection,” Proceedings of 
IRE, vol. 44, May 1956, page 659. 

2,652,515 

DAV-ID G. REDINBAUGH, Primary Examiner. 

T. A. GALLAGHER. Assistant Examiner. 


