


This issue of Tech-notes is Part 1 of a two-part discussion that will 

cover the basic functions and structure of cathode-ray tubes as well as 
advances made in CRT technology in recent years. 

The cathode-ray tube (CRT) is still 
the dominant electronic display device 

for higher-resolution applications, in 

spite of the fact that over the past 30 
years many experts have predicted 

that it would be replaced with a flat 

panel display. The enduring dominance 

of the CRT is due to its continuing 
technical and economic superiority. Its 

technical superiority is based on many 

factors, some of which include high- 
phosphor luminous efficiency, sim- 

plicity of operation, ease of scanning 

and wide bandwidth. Furthermore, 

the CRT is versatile in that it can be 

used for stroke or raster address and is 

capable of presenting shades of gray 
or bi-stable displays. From an economic 

standpoint, the CRT offers the lowest 

cost per resolution element. There are, 
however, some disadvantages to the 

CRT: the CRT bulb is quite deep 
compared to the display area, the 

phosphor persistence is uncontrollable, 

and the spot has a gaussian-like inten- 

sity distribution which degrades the 

MTF (modulation transfer function) 
of the device. The device is not only 

non-linear, but may have limited life 
compared to other components. 

Non-CRT approaches to display devices 
suffer from several shortcomings, 

especially low luminous efficiency. 

For example, Figure 1 indicates the 
screen current and phosphor luminance 

for a single CRT resolution element of 

a 500-line TV raster. Note that the 
screen current is represented by an 

idealized current pulse which is 

repeated every 33 ms and has a dura- 
tion of .013 us. The average brightness 
of the spot is about 100 fL, but the 

instantaneous peak brightness can be 

800,000 fL or more. A comparison 
of the average luminous efficiencies 
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of various display media is shown in 
Figure 2. Notice that other approaches 
possess only 10% or less of the luminous 
efficiency of the phosphor. Thus, these 

other approaches may require any- 

where from 10 to 100 times the power 
to produce a display brightness com- 

parable to that available in a CRT. 

In summarizing the performance char- 

acteristics of the CRT, it may be noted 

that the CRT is clearly unchallenged as 
a high-resolution display device. The 

main reasons are its simplicity, high 

luminous efficiency and low cost. 

This article reviews basic CRT opera- 

tion and describes some new advance- 

ments in technology, with emphasis 

on their impact on monochrome CRT 

design and applications. The new areas 

of technology are: 
(1) The direct-replacement laminar- 

flow gun, which provides increased 

resolution. 
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Figure 1. Current and luminance for a 

single CRT resolution element of a 

500-line TV raster. 
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Figure 2. Average luminance and lum- 

inous efficiency of display media. 

(2) 

(3) 

Improved phosphor, which exhib- 

its higher brightness and longer 

life. 

The dispenser cathode, which 

makes possible a substantial in- 

crease in cathode life. 

CRT Design and Operation 

The cathode-ray tube design consists 
of four basic parts (References 2-4): 

(1) 

(2) 

(3) 

(4) 

The bulb, which provides the 

vacuum enclosure needed for 

utilization of the electron beam. 
The display area is also defined 

by the bulb. 

The electron gun, which supplies 

a modulatable, high-density, 

deflectable beam for excitation 

of the phosphor. 

The phosphor, which converts 

the kinetic energy of the electron 

beam into the luminous display. 

A means of deflection for locating 

the beam at the desired point on 

the screen. 

The crossover electron gun has been 

the standard gun since the development 

of the CRT. The gun is illustrated in 

Figure 3. The laminar-flow gun (see 
Figure 4), References 5, 19, is physi- 

Q cally and electrically interchangeable 

with its crossover counterpart. In the 

crossover gun, the electrons are 

converged to a crossover which is 

imaged on the viewing screen. In the 

case of the laminar-flow gun, the elec- 
trons emitted from the cathode tend 
to flow in streamline paths until they 
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Figure 3. Schematic of crossover-gun 

CRT, electrostatic-focus, magnetic- 

deflection type. 

are converged to a focus at the view- 

ing screen, The operation of both 

types of tubes can be understood by 

dividing the CRT into various electron- 

optic regions (see Figure 5). These 

regions are described as follows: 

(1) The Beam-Forming Region. In 
this region, the cathode is sub- 

jected to an intense electric field, 
which causes the emission of 
electrons. In addition, an elec- 

trode is provided that can modu- 

late the emission of the electron 

beam. 

(2) The Focusing Region. Either 
magnetic or electrostatic fields 
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Figure 4. Schematic of Laminar-flow gun 

CRT, electrostatic-focus, magnetic- 

deflection type. 
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Figure 5. Electron-optic regions of the CRT. 

are used to cause the electron 

beam to converge to the focus 

at the viewing screen. 

(3) The Deflection Region. Either 
magnetic or electrostatic fields 

can be used to aim the beam to 

the desired position on the view- 

ing screen. 

(4) The Drift Region. This is a field- 
free region in which the neck 
region of the bulb expands funnel- 

like into the broad display portion 

of the tube. 

Beam-Forming Region 

The beam-forming region can utilize 

such design alternatives as oxide versus 

dispenser cathode, triode versus tetrode 

structure, and crossover versus laminar 
flow. The oxide cathode (see Figure 6), 
References 10, 20, consists of a thin 

coating (usually a few thousandths of 
an inch thick) of a barium-strontium 
oxide compound sprayed on the capped 

end of a small nickel cylinder. The 

function of the _ barium-strontium 
compound is to reduce the work func- 

tion of the surface so that electron 
emission may be increased. The dis- 
penser cathode has the barium com- 
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pound dispersed throughout a porous 

tungsten structure. The cathode tem- 
perature is hotter than that of the oxide 
cathode, which causes the barium 

compound within the pores to diffuse 

to the surface, constantly renewing 
the emitting region. 

In the triode structure shown in Figure 
7, (Reference 7), the accelerating elec- 
trode is maintained at several kilovolts 

or more; it is frequently tied to the 

focus or screen potential, thereby 

eliminating the need for one power 

supply. The use of such a high potential 

on the accelerating electrode requires 
a large spacing to the Gl (grid 1) to 
avoid excessive values of voltage cut- 

off. With such large spacing, the resolu- 
tion of the tube may be degraded at 

high currents due to _ space-charge 

induced blow-up in the beam between 

the G1 and the accelerating electrode. 

The tetrode structure utilizes an addi- 

tional electrode (the G2 electrode), 
which is operated at a fixed low 

voltage, usually ranging from 100 to 

1000 volts. This low voltage makes the 
G1 cut-off value independent of 
changes in the focus or screen poten- 
tials. Furthermore, the G2-to-Gl 
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Figure 6. Comparison of oxide and dispenser cathode structures. 

@ spacing can be small, reducing space leaving the cathode. The electric field 

charge effects in that region. is very high at the center of the cathode 
and falls off rapidly as radial distance The crossover gun (see Figure 8), aoe 
increases. Consequently, the emission References 5, 19, is designed to achieve ques. ee Var cai 

an intense source of electron emission LESTE ES SIOIINEN EVEN ASLONCECEN UN SISA) Ac 
by sharply curving the equipotential 8S Shown in Figure 8. The space- 

lines in front of the cathode. This Charge repulsion forces rise sharply 
causes the electrons to abruptly con- 25 the electron beam converges to a 
verge to a crossover immediately after  CTossover. 
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Figure 7. Comparison of triode and tetrode structures, 



CURRENT 
ELECTRIC FIELD DENSITY 

Serra t 
CROSSOVER 
GUN 

Gi ACCELERATING 
CATHODE ELECTRODE 

LAMINAR | 
FLOW ba 
GUN —|||/_ 4 

ec 
ELECTRON SPACE CHARGE 

TRAJECTORY REPULSION 

els 
—_Ij — ===) — 

—_1 — 1 — 

Figure 8. Comparison of crossover and Laminar-flow beam formation. 

The laminar-flow gun is designed to 

achieve a uniform intense source of 

electron emission. Furthermore, it 

must do so at the same potentials as 

the crossover gun, for which it is the 
direct replacement. Both these require- 

ments are satisfied by appropriately 

shaping the electrodes. In the ideal 
case, this uniform emission density 
has the form of a cylinder of emission 

from a circular cathode. Thus, ideally, 

the laminar-flow gun can provide three 
times the current from the same 

cathode area, since the volume of a 
cylinder is three times that of a cone. 

In practice, a factor of two is realistic. 
The uniform electric field causes the 

electrons to move in streamline-like 

paths, although there may be some 

beam compression immediately after 

leaving the cathode. Avoidance of the 
crossover minimizes space-charge repul- 

sion forces in the beam in the vicinity 

of the cathode. 

Focusing Region 

The focusing region can utilize mag- 

netic and electrostatic focusing design 

alternatives (see Figure 9), Reference 6. 
A magnetic field, essentially parallel 

to the longitudinal axis of the tube, is 
created by means of a coil around the 

neck of the tube. The divergent elec- 

tron beam enters the field and the 

resulting forces impart a focusing action 

on the beam. Magnetic focusing pro- 
vides the highest resolution. 

An electrostatic lens, appropriately 

shaped by electrode design and applied 
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voltages, converges the divergent elec- 

tron beam to a focus at the screen. 

There are two types of electrostatic 
lenses: the bipotential focusing lens 
and the unipotential focusing lens. 

The bipotential focus design (see 
Figure 10), Reference 6, is also known 
as the high-voltage focus gun because 

the focus potential is 15% to 25% of 
the viewing-screen potential. The lens 
is called bipotential because one ele- 

ment of the lens is formed between 

the focus electrode and the G2 elec- 

trode, which is at a lower potential, 

and the second element between the 

focus and an electrode at viewing- 

screen potential. The resolution 

attained with this type of gun cannot 

match that provided with magnetic 

focus, but it is 30% to 50% better 
than that which can be achieved with 

a unipotential focus gun. The focus 

electrode may draw current, depend- 

ing on the size of the aperture used to 
trim the beam. The smaller the aper- 

ture, the larger the focus electrode 
current and, over a wide range, the - 

smaller the spot size. The resolution 

is quite sensitive to changes in focus 
voltage. 

The unipotential-focus gun design (see 

Figure 11), Reference 8, is also known 

as the low-voltage-focus gun or the 
Kinzel gun. This is called the uni- 

potential gun because the electrodes 

on both sides of the focus electrode 
are at the same potential, which is 

higher than that on the focus elec- 
trode. The focus voltage is usually 0 
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Figure 9. Comparison of electrostatic and magnetic focusing. 

to 500 volts and frequently uses the 

same supply as the G2 electrode. Note 

that the electron lens here is different 

from that of the bipotential gun in 

that it is a saddle-type lens formed by 

injecting the potential lines from the 

focus electrode between those pro- 

vided by the unipotential electrodes. 
Consequently, this lens has severe 

abberations which degrade the resolu- 

tion. Aperturing the beam improves 

the resolution, but at the expense of 

grid drive. The advantages of the uni- 

potential gun are that the focus elec- 

trode draws negligible current and 

CONDUCTIVE COATING 

MAGNETIC DEFLECTION 
COIL 

EQUIPOTENTIAL 

HEATER 

ELECTRON 
TRAJECTORIES 

FINAL 
APERTURE 

FOCUS 
ELECTRODE 

the resolution is insensitive to moderate 

changes in the focus voltage. Electron 

guns of comparable length and dia- 

meter, operating at the same screen 
potential, are assumed in comparing 
their performance. 

Deflection Methods 

In magnetic deflection (see Figure 12), 
Reference 17, two pairs of coils are 
used, one coil from each pair being 

located on the opposite side of the 

neck. The magnetic fields are at right 

angles to each other to provide hori- 

zontal and vertical deflection of the 

Figure 10. Bipotential electrostatic-focus gun. 
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Figure 11. Unipotential electrostatic-focus gun. 

electron beam. By adjustment of the trolled to deflect the beam to any 
current in the coils, the force acting desired point on the screen. The deflec- 

on the electron beam can be con- tion amplitude is directly proportional 
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to the coil current and inversely pro- 
portional to the square root of the 
screen potential. 

Electrostatic deflection (see Figure 13), 
Reference 12, utilizes two sets of metal 
plates set at right angles to each other 
to provide horizontal and _ vertical 

deflection when a difference in poten- 

tial is applied between the two plates 

in each pair. The deflection amplitude 

is inversely proportional to the screen 

potential. 

A summary of focus-deflection com- 

binations is shown in Figure 14. 
Electrostatic deflection provides the 

highest deflection speeds available, but 
only moderate resolution. It is nor- 

mally used in combination with 
electrostatic focus. Magnetic deflection 
provides slower deflection speeds and 

exhibits moderate resolution when 

used with electrostatic focus; this 

combination is the most widely used. 
Magnetically-deflected, magnetically- 
focused tubes provide the highest 
resolution. 

The May/June 1979 issue of Tech-notes 

will continue the discussion of CRT 

technology. CRT limitations, and CRT 

performance using advanced _ tech- 

nology will be covered. 
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