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W. T. Dyall

Abgtract

Persistence characteristics, as well as measurements
of flash, buildup, and fluorescence are presented in this report.
for five types of cathode ray tube screens, viz., sulphide (Ag),
zinc-cadmium sulphide (4g), P4, P14, and P7, These measurements
cover a range of light values of nearly ten million to one,
Plots of the characteristics and a complete discussion of them
are given. The final section summarizes general conclusions
regarding these characteristics,

O R
#* This report is a slight modification of a thesis with the
same title submitted by the author in partial fulfillment
of the requirements for the degree of Master of Science
in Physice at the Massachusetts Institute of Technology,
19.8,
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-1.
I, INTRODUCTION

The research and study presented in this Teport is prompted
by the need, enhanced by the rapid development of cathode ray tubes
for radar and televigion, for more detailed information about the
light emitting characteristi¢s of CRT soreens, Such detalled infor-
mation is necessary in order to allow continued improvements in sereen
quality and to provide data for the specification of phosphor screens
by the Radio lanufacturers' Association.

Measurements of flash, buildup, fluorescence, and decay, over
a range of light values of nearly ten million to one, for nine tubes,
viz. three with P4 component screens, one having a P4 sereen, two
having P7 screens, and three with Pl4 screens, are presented in this
report. Physical properties of these screens are given in Table 1,
Pe 3. Plots of the characteristics determined from these measurements
are presented for each screen for wvarious excitation conditions, in the
Appendix. In Section VI, a complete dlscussion of the characteristics
of each tube 1s given, divided according to tube type, so that any one
tube may be studied independently. Section VII discusses the tubes
according to characteristics, giving similarities and differences among
the tubes for each characteristic, and Section VIII gives a summary of
genexral conclusions.

The equipmsnt22'27 used for these measurements was designed
by Profeasor W, B, Nottingham and collaborators at the Radiation
Laboratory in 1942, The apparatus was used to measure hundreds of tubes

during the war.l-ll liany basic screen properties were analyzed and
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meny improvements in screens were made possible. The original design
of the apparatus was for the study of the P7 type, long persistence
CRT screens, but it is of such flexibility as to allow measurements on
a wide range of screen types.

it the.end of the war, the equipment was decormissioned
because of lack of interest and the general slowing down from the high-
geared war effort. It remained in storage for nearly two years, until
the summer of 1947, when it was put back in good operating order by the

author, in order to continue investigations of phosphor characteristics.
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II, CONSIDERATIONS FOR THE ESTABLISHMENT OF SCREEN SPECIFICATIONS

There are many factors upon which the operating characteris=-
ties, both eleétrical and luminescent, of CRT depend. Some of these char-
acteristics must be chosen as representative, in order to provide a
means of production control. There are seversl screen characteristics
which might be used for standardization and control, of which some are
satigfactory, and some are not. The chemical composition of the phosphor
screen provides merely a descriptive épecification, which is inadequate
because of variations in phosphor properties with manufacturing tech-
niques. The color or spectral energy characteristic cen be used, but is
not completely satigfactory. Confusion now exists in the field of color
specification because of.the incompleteness of the general knowledge
concerning the value and limitstions of spectral-radiometric data for the
evaluation and specification of color appearance., The light emitting
characteristics of the phogphor screen, including fluorescence, flash,
buildup, and persistence of phosphorescence,, provide other factors
allowing classification. The persistence characteristic, i.e. the decay
of phosphorescence ag a function of time, is a fundamentesl property of
phosphors, and is, therefore, of importance, However, the rapidity of
the decay alone is not a sufficient characteristic for production
control, Since it is quite possible to produce a phosphor of slow decay
without & high buijdup, and since high buildup is a requirement dictated
by the use to which slow decay screens are put, the buildup must be

specified in addition to the persistence, Although the buildup ratio




~5=

is not a good measure of what can be expected from a cathode ray tube
screen in observed contrast when a signal or pip is applied upon a
cyclic background, e.g. "snow" or noige on a PPI radar screen, it does
indicate the properties of the phosphor and its general method of
application, and is therefore useful for manufacturers' inspections.7
The fluorescence value is of intersst to indicate the brightnesgs of the
screen during continuous scanning. The flash value is of same interest,
but it is of little value in the control of useful screen performance.

It was agreed on May 2, 1945, at the meeting of the JETKC*
Sub-committee on Cathode Ray Tube Phosphors and Screen Characteristics,
- that phosphor screens for cathode ray tubes be definéd by the following
data and curves:

(1) Brightness measured in foot lamberts as a function
of both screen current and screen voltage, on linear
plots.

(2) I.C.I. trichrometric color coefficients for P4 and
P6; spectral energy charascteristic or color, relative
energy as a function of wavelength in angstroms, on
linear plots, for all other phosphors.

(3) Persistence characteristic, light output in foot
lamberts as a function of time after excitation, on
semi-log plots for ¥l, P3, and P12 phosphors, and on
log-log plots for remaining phosphors.

These data are not complete as yet.

The CRT screens as designated by the IMA data bureau, with
the exception of the P8, which has been replaced by the P?7, and the P9,
the reglstration of which has been cancelled, may be divided into five
groups with respect to their persistence charscteristics:

* Joint Electron Tube Engineering Council of the Radio lianufacturers'
Agsoclation, and the Nationsl Electrical Manufacturers'! Association.
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(1) Exponential decay* screens -- P1, P3, P12, and P13.

(2) Long persistence inverse power law decay screensg --
P2, P7, and Pl4.

(3) Medium persistence combination exponential and
inverse power law decay scCreen -- P4.

(4) Short persistence inverse power law decay screens -~
P5, P6, and Fll,

(5) Very long variable persistence dark trace screen --
Plo.

Characterigtics of these phosphors, as registered with the IMA Data

_ Bureau, are given in Table 2.

* Exponential and inverse power law decay discussed in III-1,




PHOSPHOR

Pl

P2
P3

P4**

PS5

Pe

P7

P10
P11
P12

P13

Pi4

NOMENCLATURE OF RMA REGISTERED SCREEN TYPES

COMPOSITION

Willemite
s .
Zn,S10 4.Mn(en)

ZnS:Cu(Ag) (B*)
ZnBBeSisolgzMn
o*-ZnSiAg +

Zn830815019:ﬁn

Scheelite

CaWO4:W

ZnS:Ag +
ZnS:CdS:Ag

B*-ZnS:Ag on
ZnS(86):045:Cu
Cascade

KC1

o*=2nS:Ag
Zn(Mg)F,:Mn
MgO'SiOZ:Mn

B*=ZnS:Ag on
ZnS(75):CdS:Cu

TABLE 2
19,30

FLUORESCENT PHOSPHORESCENT

COLOR COLOR
Green Green
Blue-green Green
Yellow Yellow
White White
Blue Blue
White White
Blue-white Light yellow

Magenta (Dark Trace Tube)

Blue
Orange

Light Red

Purple White

Blue
Orange

Light Red

Light Orange

** Newer P4 has “/nS:CdS:Ag instead of the silicate.

PERSISTENCE
Med ium
Long

Medium

Med ium

Very Short

Short

Long

Varisble
Short
Medium

Medium

Medium Long




IIT. THEORETICAL CONSIDERATIONS AND GENERAL INFORMATION

IIT-1. Buildup and Decay of Sereen Ipminesgcence.

£11 luminescent materials useful as cathode ray tube phosphor

sereens emit light after the end of the electronic excitation. Fige 1

&

2

E

S

x

w

t, t, —=TIME st

LUMINESCENCE (OR FLUORESCENCE)
I\Q— PHOSPHORESCENCE |
i |
| ]
| i |

—TIME

THE RISE AND FALL OF SCREEN LUMINANCE UNDER
PULSE EXCITATION

Figure 1

schematically illustrates the rise and fall of luminescence., Here i‘c
is agsumed that the electronic excitation of the screen is constant
from time %, to time %,, off until %z, ete. when the electrons strike
the screen, the luminescence or fluorescence increases rapidly, and
follows the buildup curve charscterigtic of the phosphor. 4t tz, when

the excitation is discontinued, the light output immediately begins
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to fall, and follows the phosphorescence decay characteristic of the
phosphor,

For a double layer or cascade screen, e.8e. 7, the pleture is
changed somewhat. The blue phogphor of the P7 ig directly excited by
the electron beam, emitting blue light by fluorescence during the
excitation, and by phosphorescence after the cessation of excitation
in the manner shown in Fig. 1. The first layer is practically opaque
to electrons. Thus the second, or yellow layer of the P7 is excited
chiefly by the light from the first layer. The excitation of the second
layer by the luminescence of the blue phosphor causes a delay of zbout
one microsecond after the end of electronic excitation before the peak
light intensity is emitted by the cascade screen.

The buildup of the luminescence of cathode ray tube phosgphors
is very rapid, end increases in rapidity for lerger excitations. The
buildup under steady scanning is difficult to measure because of this
rapidity, so a method of "cyclic excitation" was introduced by Bradfield
and Garlick.lg. This method involved a series of rasters applied to the
screen at intervals of one second., As adopted by the MIT Radiation
Laboratory and for this report, cyclic excitation was used in defining
the buildup ratio, which is the ratio of the light output one second
after N pulses to the light output one second sfter one pulse,

The three recognized decay laws for CRT gscreens are given by

Leverenzl9

, a3 the exponential, hyperbolic, and power-lew types. The
first is generally known as the "mono-molecular" decay, and is associated

with conditions in which the number of transitions that take place per




unit of time is directly proportional to the number of sctive particles,
and is analogous to a single impurity trap depth of the type shown in
Fig. 3, pe 4. The hyperbolic decay is analogous to multiple trap
levels of uniform distribution. The third type decay law results from
assuning multiple trap levels of exponentlal distribution.

The fact that the observed decay characteristics differ so
radically from those expected on the basis of any of the above decaey
laws is a direct indication of the fact that the concentration of
electrons in the conduction levels continues to be replenished by the
feeding of electrons up from the traps into the conduction ;l.eval.z9

In general, sulphide phosphors follow the inverse power law
type, while fluoride or oxide phosphor lifelines are exponential, perhaps
developing t™2 tails. There is, of course, no reason to exclude a
representation of decay characteristics by various other combinations
of exponential and inverse power law functions, Initial portions of
exponential decays are practically unaffected by intensity veriations,
while the t™% decays are accelerated in proportion to their luminegggnces
at the time of cessation of excitetion. B

Plots of inverse power law snd exponential decay laws are in-
cluded, Fig. 2, drawn on & log log greph so that they mey be easily
compared with measure¢ decay characteristics. The slope of the decay
curve, corresponding to any decey law, rust exceed one ultimately, in
order to fulfill the condition that the integral of all power radiated
remain finite. lowever, there is no theoretical reason why the slope

cannot be lesc than one initially, ss it often is. This condition
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merely requires, for example, that the value of the negative exponent of
the power law decay be greater than unity at large values of time.

It has been found experimentally that the following equation
represents the dependence of luminescence, L, during excitation on the

electron energy, or the anode voltage, Vg:

- n
L=K (Vé - Vb)

?

vhere K is a constant of proportionality, end Vb is the so-called "dead
voltage”. V6 is small and is usually zero. The exponent n has been
obgerved to very from l.4 to 3, with many cases of values that are
approximately 2,20-21

Iuminescence during excitation is directly proportionsl to
the current density of the electron beam over an extremely wide range
of values., IThosphors are usefully operative over a range of at least 1018

in current densities for normal positive modulation.l9
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III-2. Qualitative Mechanism of ‘hogphorescence.

A simplified model mechanigm of excitation of a sulphide
phosphor by light is given in Fig. 3. This figure is a copy of a dia-
gram shown by .Tohnson.28 The unexcited state of the crystal is shown in
Fig. 3a. It is assumed that there is a band of completely filled elec-
tronic energy levels, and another band which is partielly vacant and which
might be thought of as a conduction band. It is also agsumed that there
18 a separation of two or three electron volts between these bands of
energy levels. The model shows the presence of metastable states dis-
tributed throughout the crystal which serve to trap the electrons which
have arrived in the conduction band. 'The impurity state represents a
level of the "activator" element such as silver,

If light is incident on the phosphor, the light quantum lifts
an electron from the filled band to the conduction band, as represented
in Fig. 3b. A "hole" is left in the filled band. The electron then has
the posgibility of returning to the hole or of going into a trapping
state. Apparently there is a very small probability of the first alter-
native,

The next step takes place extremely rapidly. T<he electron,
which had been lifted to the upper band, falls to one of the lower levels
of the band, and the hole of the lower filled band moves to an upper
part of that band, and the condition shown in Fig. 3¢ is brought about.
Immediately thereafter, two more changes occur, which need not take place
sirmltaneously, end result in the status shown in Fig. 3d. The electron

in the upper band hag fallen to one of the metastable levels, and the
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electron in the impurity state has dropped into the hole in the lcwe§
band. The elapsed time at this stage is of the order of ten microseconds
or less.

Seversl seconds, or even minutes, elapse while the electron
remains in the metastable state. The time, of course, depends upon the
type of phosphor. Upon leaving the metastable level, as represented by
Tig. 3e, the electron will go into the conduction band, flow through it,
and fall into the vacant impurity level. Light is emitted when the
electron falls.

Since the electrons may be excited to the conduction band
and then returned to the hole in the filled band while further excitation
is still going on, the model may represent both phosphorescence and
fluorescence.l

This model is a simplification of the problem, and allows
only & qualitative picture. However, there are a number of complicating
factors which are not well understood, and so a more quentitative dis-

cussion is beyond the scope of this work.
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ITI-3. Brief Remarks on the Centibel Scale.

The centibel scale was introduced by Nottingham in 1941, In
his "Notes on Photometry, Colorimetry and an Explanation of the Centibel

Scale"8

, he presents a complete discussion of the problem of the
centibel, and the adaptation of such a logarithmic scale to photometry
and to the actual measurement of CRT screens,

The centibel scale is defined by the following relation:
c¢b = 100 log,, (I,/1),

where (I /I) is the ratio of the light intensities.

Photometry demands the detailed recognition of the spectral
characteristics of the source and the receiver, which must be incor-
porated into the basic unit, and the concept of the zero level, There-
fore the basic unit must be power per unit range in wave-length per
unit area, instead of just power per unit area alone, as in acoustics.
Using this basic unit, the zero level was taken arbitrarily to be
10716 watt x em™2 x A™L, where A = the unit of wave-length = 1 Angstrom =
19'8 cms The result of this choice gives the relative energy level
of 0 cb as approximately equivalent to the minimum constant brightness
which the completely dark adapted eye can detect,

The energy measurernents on the centibel scale may be converted
readily to visual units such as foot lamberts, since the physical
dimensions and spectral energy characteristics of the source, filters,
and receiver are known. The conversion factor for the standard P7 test

conditions is:

Foot Lamberts = 2 x 10~6 x 10°b/100,




-17=

IV, DESCRIFTION OF EQUIPMENT

Iv-1. General.

The equipment22'27

provides the voltages and currents necessary
for the operation, screen excitation and de-excitation, for both
electromagnetic and electrogtatic type cathode ray tubes, including
heater current, control and accelereting grid voltages, focusing and
daflection currents for e.m., tubes, focusing snd deflection plate
voltages for e.s. tubeg, and final anode or intensifier voltage. The
equipment further includes a photomultiplier tube and associated
amplification and light measuring circuits, with necessary power supplies
and regulators, standardization circuits, and photometric ealibration
circuits. The standardization circuits utilize a potentiometer method
which employs an electronic eye ss a null indicabtor to allow accurate
adjustment of the CRT anode voltage, the currents for the standard

calibrating lamps, and various other voltages. A simplified block

diagram of the equipment is given in Fig, 4.




SIMPLIFIED BLOCK DIAGRAM
NOTTINGHAM CATHODE RAY TUBE SCREEN TEST EQUIPMENT
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TIMER CONTROL olE
t 12 Ke
A SWEEPS I FOCUS =—— FOGCUS
PULSE DEFLECTION
GENERATOR S _J -
60Cps
SCREEN
SWEEPS ey ‘ VOLTAGE
OUTER
MASK LAMP
WRATTEN*I5 FILTER INNER |
,;J’ LAMP
931A
PHOTOMULTIPLIER STANDARDIZATION
INPUT SELECTOR SWITGH J} .
ATTENUATOR INTEGRATOR
50¢cb STEPS 0-100cb
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Y Y
CATHODE CATHODE
FOLLOWER FOLLOWER
RECORDER DG
0 2 46 8 10 AMPLIFIER
PAPER \ Y °
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| #1/min r N SCOPE SWEEP
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ATTENUATION N CROSS ZERO REFERENGE
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Figure 4
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IV-2. Screen Excitation and Light Measurement.

After completion of all the adjustments necessary for the
proper operation of these circuits, ineluding the calibration of the
"light measuring circuits, and the adjustments necessary for the desired
operation of the cathode ray tube to be measured, the screen of this
CRT is de-excited by red light. The de-excitation is necessary since
the luminescence of a phosphor depends, in a complicated manner, upon
the past history of its excitation, if the influence of this past
excitation is not removed. The CRT ig then excited by a 50 em® or 25 cm®
raster formed by a horizontal 60 cycle sweep and a 12 kilocycle vertical
sweep. The excitation may be steady, as for fluorescence measurementsj
or pulsed, for flash, buildup, and decay measurements, by applying a
1/60 sec positive square wave of voltage to the CRT grid at intervals
of one second.

The light emitted as a result of this excitation passes through
a uratten 15 filter and falls upon the cathode of a 931A photomultiplier
tube placed at a standard distance of 30 cm from the CRT screen. The
CRT and the 931A are contained in a light tight housing.

The output current of the phototube develops a voltage across
a high resistance load in the form of an accurately calibrated attenuator,
except in the case of the flash measurement. For that measurement,
the output current charges a condenser, thus performing an integration
of the light incident on the photocathode up to the instent of recording.

The attenuator or condenser output is applied to the grid of

a cathode follower which acts as an impedance transformer between the
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931A and a GE high speed recorder??, The output signal from the cathode
follower deflects the basic element in the recorder, which deflects the
pen by a photoelectric coupling. The recorder has a basic microammeter
element of 250 microamp sensitivity. The recorder paper is moved at

the rate of 1 ft/min by a synchronous motor. The pen requires about
0.2 soc to reach deflection equilibrium, but its deflection is not very
accurate for times less then 0,5 sec after a rapid change in deflection
such as occurs in the early portions of decaying phosphor luminescence,
Therefore, the one second decay point is the earliest measured using
the recorder,

The output of the attenuator is also fed to a second similar
cathode follower, which in turn drives one stage of DC amplification.
The resulting signal is applied to the DC amplifier input of a DuMont
type 208 oscilloscope. The oscilloscope is used with an externally
supplied 10 cycle sweep, and internal sweeps of 60 cyglés, 300 cycles,
end 600 ecycles, which allow the measurement of light intensities at
tinmes from 1,7 ms to 1 sec. The sweeps are synchronized from the pulse

generator,.
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IV-3, Calibration of the Light lieasuring Circuits.

The light measuring circuits are provided with a calibrated
range in gain of ten million fold, and allow the accurate measurement of
light intensities ranging from 160 c¢b to about 900 cb., 4lthough the
human eye responds over a range of 10lo in brightnesslg, i.es from about
0 to 1000 on the cb scale, the light measuring circuits cover the
brightness range practical for usage in cathode ray tubes.

The basgic standard for calibration of the photometric circuits
was a ribbon filament lamp, calibrated by the Bureau of Standards, which
was used with suitable slits and filters to establish a known value on
the centibel scale.8 The practical standard used for calibrating £he
light measuring circuits is a Leeds and Northrup straight Lilsment
pyrometer lamp and filter calibrated against the basic standard. 'Lhe
filter is a clear glass cell containing a water solution of copper
gulphate. This L and N standard lamp, called "outer lamp", is mounted
at a predetermined distance from the photocathode on an arm pivoted on
an axis through the 93lA, and is set at the angular position giving
maximum multiplier response for calibrating the light measuring circuits,
In this position, with standard current through it, set by the electroniec
potentiometer, and with its light passing through a Vratten 15 filter,
this source supplies a relative energy level of 500 c¢b at the photo-
cathode. Its spectral energy distribution is like that of the r7 screen.
Under these conditions, the light measuring circuits require a gain of
400 cb to glve full scale deflection of 10 divisions on the recorder.

That 1is, 0.1 full scale corresponds to an energy level of 400 cb, and
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full scale corresponds to 500 cb. .ith the gain set at the 400 c¢b scale,
the current through .a 110 volt pilot "inner lamp”, located in the same
housing with the photomultiplier, is adjusted so that its irradiance
falling upon the photocathode will duplicate the full scale deflection
produced by the outer lamp. After this exaet duplication is accomplished,
the inner lsmp current can be re-established with high accuracy by
matching an IR drop obtained over a fixed resistance to the voltage of
the standard cell by means of the electronic potentiometer. The cali-
bration of gains above and below the 400 c¢b scale are accomplished by
using the inner lamp in conjunction with the calibrated attenuator

gteps.




IV-4, Spectral Response.

The spectral response of the iottingham Cathode lay Tube
Screen Testing Equipment, Fig. 5, approximates that of the eye, except
in the red and blue, where in both cases the response is low. Thus
measured values on screens of these colors will be relatively low
compared with visual observetions. The calibration of the equipment
is based on the spectral energy distribution of the P7 screen, so that
when the spectral energy distribution of the source being measured
differs from that of a P7 screen, the absolute cb values will be in
error by a constant amount, but the ratios of light outputs will be
correct. In other worde, there will be =zn error in the measured light
level, but there will be none in the sglopes of the decay characteristics,

nor in the buildup ratios.
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V. METHODS OF MEASURMMENT

V-1l. rhosphorescence.

Phosphorescence is the luminescence emitted by the screen
after the cessation of excitation. To measure the phosphorescence or
persistence characteristic, it is necessary to de-excite the screen by
red light, excite the screen in the desired manner, remove the excitationm,
and measure the light valueé at various times after the end of excitation.
The decays studied here are all decays after one raster. All data were
taken at two values of screen voltage: Vé = 4 kv and 6 kv; and at three
values of the current density: Q = 10, 20, and 40 mpcoulombs/cn?,

One 1/60 sec raster was applied to the screen after de-excita-
tion by red light, and the light values of the decaying phosphorescence
were recorded for convenient times. Zero time is at the end of excite~
tion. Tor the RCA P4, the two RCA Pl4'g, the GE P14, and the two RCA
P7's, all of which have octal bases, a raster area of 50 cm® was used.
For the GE 4633, the GE 4665, and the GE 4609 tubes with P4 component
screens, a 50 cm® raster was used for the 4 kv excitation, but it was
necesgsary to uge a smaller raster for the 6 kv excitétion. These three
tubes have the new type seven pin duodecal base which is slightly lsrger
in diameter than the regular octal base., This necessitated the use of
different deflection coils for these tubes than were used for the pre-
viously mentioned tubes., The new set of coils produced a very noticeablev
non~linearity in the 60 cycle sweep for a 50 em® raster for the 6 kv

excitation. By using a amaller raster, 25 em? in area, this difficulty




was removed. Beam current was also reduced to meintain the same Q

values of 10, 20, and 40 as for the 50 cm® raster., Since the luminescence
is direectly proportional to the area of the sereen excited, a correction
of 30 cb was added when the ummasked* 25 em® raster was used so that

the 6 kv data for these tubes would be comparable to the rest of the

data.

For times greater then one gecond after the end of excitation,
the photoelectric recorder was used. “he time scale for the recorder is
provided by a synchronous motor which moves the recorder paper at a speed
of one ft/min. The multiplier gain was set in such a way that the one
second point on the decsy curve would give a deflection of about 3 divi-
sions, i.e. about 0,3 of full scale, with the maximum of 140 cb atten-
ustion in the circuit., As the phosphorescence decayed, the attenuation
was removed by steps of 20 ¢b to follow the decay. Since the lowest
energy level which can be measured accurately with this equimment is
160 ¢b, which corresponds to 0.1 of full scale with multiplier gain at
its maximm value, the lifeline was followed to = time when the light
value had fallen 140 cb from the velue at 1 sec, but no lower than 160 cb,

Yor times less than one second, the auxiliary Duliont oscillo-
scope with a P7 CRT was used. An external sweep of 10 cps, and internsl
60 cycle, 300 cycle, and 600 cycle sweeps were used, which allowed
measurement of light intensities at times from 1,7 ms to 1 sec. Sweeps

were synchronized from the pulse generator. Light values at intervels

* Masking technique is described on the following page.
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of one sweep length, i.e, 100 ms, 16,7 ms, 3.5 ms, and l.7 mg, were
obtained by observing where successive traces on the auxiliary scope
gcreen crossed the zero line as the luminescences deceyed. As in the
case of the recorder, the sttenuation wes removed in steps of 20 c¢b to
obgerve successive traces, and follow the decay.

Light measurements at times shorter than 50 me required a
ghorter excitation than the 17 ms given by the standard raster. A mask
containing a slit parallel to the raster iines p}aced over the CRT face
shortened the excitation time and decreased the screen area viewed by
the photocathode. A slit width of 1 mm was used, reducing the raster
area by g factor of 70, giving an effective excitation time of
1/70 x 1/60 = 0,24 ms spproximately. The measured intensities would
thus be expected to be 185 cb lower, because of the decrease in ares,
for a 50 en® raster, and 200 ¢b lower for a 25 em® raster. However, the
glit width and raster area exposed were not knowm accurastely enough to
allow this addition. Instead, the correction was determined by plotting
and matching the sections of the charscteristics as measured with the
mask to the sections obtained with the full raster.

Since the cathode ray beam is not blanked during the backtrace
of the 60 cycle sweep of the raster, spurious excitation of the screen
is produced. A method of elimineting this backtrace effect was necessary.
For the points from 1,7 ms to 5.0 ms, the slit wes placed near the center
of the raster, thus the excitetion due to the backtrace occurred about
8 ms after the pulse due to the sweep itself, Tor the points from 6.7 ms

to 50 ms, the slit was placed near the righthand edge of the raster.
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As the sweep is from left to right, the spurious excitation occurred
about 2 ms after the desired pulse. This involved the assumption that
the effect of the backtrace pulse is negligible after 4 or 5 ms. The
validity of this assumption is demonstrated by the plot of Fig. 6 for
the P4 screen, which, because of its rapid decey, shows the effect of the
backtrace quite markedly.

The measurements of light output during decay were plotted on
the logarithmic graph Dt vs loglo t, where Dt indicates the ¢b wvalue on
the decay charscteristic at time t seconds after the end of screen
excitetion. The decay characteristics are shown, in Fig. 7 through 24,
for the six excitation conditions, and each characteristic represents
the decay after one 1/60 sec raster. The accuracy of the measurements
is such that the width of the line used to represent the results is
greater than the uncertsinty in the vglues obtalned. This gtatement is
made in order to indicste that the detailed nature of the decay charac-
teristics shovm is as complex as indicated. The small variations are
not an indicetion of experimental error, but are charscteristic of the
particular phosphor, and depend somewhat on the concentration and
velocity of the exeiting electrons.

The decay curveg cen be anslyzed by sbtudying their variations
in slope, and uging plots of the slope values to recognize the character
of single curves, or to compare decays from the different screen excita-
tions or from different phosphors. ©Such slope analyses make the differ-
ences in decay properties more evident than direct inspection of the

decay curves. They also normalize the decay properties so that direct
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numerical comparisons may be made without considering light output
levels,

The slope values of the decay characteristics were plotted as
functions of log10 t, Tig. 25 through 36. The slope values used are
actually the average values for small intervals along the time axis,
i.e. slope = (D - Da)/(log b - log a) = Acb/Alog t. Increments of
about 0,5 in loglo t values were used,

Even though the maximum error in c¢b values is not greater
than 5 c¢b, and is amall enough so that the true decay characteristic
is within the line width of the curve plotted as such, no special sig-
nificance may be assigned to the detailed structure of the slope plots,
since each plot results from only one particular test on one particular
tube. For an increment of 0,5 in log10 t, a range of £ 5 ¢b in Dt
results in a range of £ 10 % in calculated slope. A series of tests on
many screens of the same type would be necessary to determine accurately
such details in the slope curves. However, some conclusions may be
drawn from the general shape and tendency of the plots.

For a general indication of the rapidity of the decay, the
average slope of the persistence characteristic was computed by finding
the straight line that has approximately the least square deviation

from the actual decay characteristic,




V-2. Buildu Pe

Eleven standard 1/60 sec 50 om®

rasters were applied to the
sereen at one second intervals. The light values one second after the
first pulse, the f£ifth pulse, and the tenth pulse were computed.and

denoted as cbl, cb5, and ¢b 0* and plotted as functions of the number

1
of pulses, Fig. 37 through 41, to show buildup., These values were also
plotted as functions of the logarithm of the beam current, ip’ rig. 42

through 46. The buildup ratio is defined by the relation:

ch,. - cbl
Gyoq ® antilog( )
N:l w00 /°
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V-3. Integrated Flash and ¥Fluorescence.

Integrated flash is the averaged fluorescence during excitetion
of the screen by the electron beam plus the phosphorescence during the
eye's integration time of about 0.1 sec after excitation. For measure-
ment of integrated flash, the light output resulting from one 1/60 sec
50 em® raster was integrated to 1 sec, this time being marked by the
appearance of the next succeeding raster. To convert to 0.1 sec, 100 cb
was added to the computed value. For the screens studied, this is a good
approximation, since most of the light was emitted before 0.l sec,

Fluorescence is the luminescence of the vhosphor during exci-

2 raster was applied

tation. A steady excitetion by & continuous 30 cm
and the light output was allowed to build up to equilibrium, which was
measured as the fluorescence value, cbp. For the P4 and P4 component
screens, the equilibrium values measured are approximately 10 cb lower
than the actual fluorescence value, because of significant decay during
excitation, betiween successive sweeps,

Integrated flash and fluorsscence values were plotted, Fig. 47
through 55, on the cb scale as functions of the logarithm of the beam

current for each value of the screen voltage.




VI. AWALYSIS OF MEASUREMENTS BY SCRELN TYPE

VI-l. GE 4633.

The decay characteristics of this zinc-cadmium sulphide, silver
activated sereen, Fig. 7 and 8, are cxtremely steep compared to the RMA
degsignated screens studied. This becomes quite evident when Fig. 7 and
8 are compared with Fig. 13 through 24 for the RMA screens. The slope
curves for this P4 component screen, Fig. 25 and 26, compared with the
slope curves in Fig. 30 through 36, also make this fact evident. The
average slopes of the decay curves of the GE 4633 screen vary from 2,24
to 2,54 for the various excitation conditions, and decrease with greater
excitation.

The plots of the decay cheracteristics for the six excitation
conditions studied are similar in general. Each curve has a noticeable
increase in dovmward curvature in the early portions of the decay, and
an opposite effect towards upward curvature for times near 0.1 sec. The
initial portion of the characteristic is least different from a straight
line for the highest excitation, i.e, @ = 40, Vé = 6 kve The curves are
somewhat further apart in the latter portions then initially. At the
initiel resding of 1,7 ms, an increase in Q by a factor of two increases
the phosphorescence by an average of 30 cb, and thus the light output
1,7 ms after the end of excitation is directiy proportional to Q. Near
the end of the measured decay at 0.l sec, doubling @ produces an average
change of 40 c¢b in the light output. This greater separation indicates

that the glope of the decay curve decreases as Q@ increases.
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Increasing the screen voltage from 4 kv to 6 kv produces an
average increase of 35 cb in light output at 1.7 ms. At 0,01l sec the
same change in voltage produces an average increase of 45 c¢b for
Q@ = 10 and 20 curves, and an increase of 9 ¢b for the § = 40 condition.
At 0.1 sec, the increase in voltage from 4 kv to 6 kv increagses the
light output by an average of 17 cb for the Q = 10 and 40 excitations,
and by 4 ¢b for the ¢ = 20 case. The relation between phosphorescence

and snode voltage may be expressed as Tollows:*

V' a ¢b! - cb
T s anstior (),
v 100

a

i.e., the phosphorescence is proportional to Vén, where n»for this par-
ticular case lies betvieen 0,21 and 2,55. The low value of n is for the

Q = 20 condition for times near 0,1 sec. There is some uncertaihty in

the low value. However, the values of Dy for times near O.l sec were
remeasured and found in agreement with previous data. ieasurements were
repeated vith V, = 4 kv with a 25 cn® raster first. Immediately there-
after, and without changing the multiplier gain, the values of Dt for

the 6 kv condition wore remeasured with e 25 cm® raster. This provided

a check on the method of using a 50 cmg raster for 4 kv and a 25 cm®
ragter for 6 kv, as discussed on pp. 25 and 26. Time limitations prevented

closer checking of these data. The author feels that further investiga-

* Here *he exponent is determined by two points only. A more detailed
study20021 o the dependence ol lwiinescence on anode voltage indicates
the linearity of the relationship and so sllows the determination of the
exponent of the anode voltege by two points only.
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tion is necessary to establish definitely the validity of the low value
of n.

The slope curves, fig. 25 =znd 26, show that the slone decreases
with increasing Q@ for times less than 0.0l sec, and that for times
greater than 0,02 the slope increases with increasing Q. The slopes
range Ifrom initial values of 1.52 to 1.97 at 3.2 ms, to maxima of 2,65
to 2,98 at times between 0,01 and 0,03 sec. The decrease in slope after
the maximum is not so fast as the increase before the maximum. The
slopes decrease to values ranging from 1.94 to 2.48 at 0.1 sec.

The plots of fluorescence and integrated flash, Fig. 47, are
very nearly straight lines, of approximately unit slove. This indicates
the direct proportionality between beam current and light output.
Increasing V, from 4 kv to 6 kv increases the fluorescence by 29 cb.

Thus fluorescence is proportional to Vél'ss. The measured fluorescence
velue for this sereen is abouf 10 c¢b lower than tﬁe actual value because
of significant decsy, during excitation, between successive sweeps.
Integrated flash is 33 cb greeter at 6 kv than at 4 kv, or cbi is pro~
portional to Vél‘ss. That this change in cbi is larger than the change
in cbf for the increase in voltage, would be expected because of the
slower decay resulting from the increased excitation, as the decsy slope
decreaseg with grester excitation for the early portions of the decay,
The smaller slope at the greater wvelue of excitation produces an increase
in phosphorescence in addition to the increase directly attributable to
the increase in excitation, resulting in a larger value of the integra-
tion of light out to 1 sec after excitation, and thus a larger value for cby.

Thie screcn has no useful buildup.




VI-2, GE 4665,

The decay characteristics of this zinc-cadmium sulphide, silver
activated screen, Fig. 9 and 10, are extremely steep compered to the RMA
designated screens studied, and only slightly less steep than the
similer phosphor of the GE 4633 tube, The rapid decay becomes quite
evident when Fig. 9 and 10 are compared with Fig, 13 through 24 for the
RMA screens. The slope curves for this P4 component screen, Fig. 27,
compared with the slope curves of Fig, 30 through 36, also make this
fact evident. The aversge slopes of the decay curves of the GE 4665
screen vary from 1,79 to 1,95 for the various excitation conditions,
and increase with greater excitetion,

The plots of the decay characteristics are similar in general,
with downward curveture as the predominating feature. However, the 6 kv
curves and the Q = 40, 4 kv curve have a slightly upward curvature ini-
tially, while the Q = 10 and 20, 4'kv decays increase in slope throughout
the range of time studied. The trend towards downward curvature is
evident for all the curves for later times. The curves for the 6 kv
excitation are approximately straight lines for the early parts of the
decay, but curve quite noticeably after 0,1 sec. Doubling the vzlue of
Q increases the value of the phosphorescence by an average of 23 c¢b. it
1.7 ms, an increase in the anode voltage from 4 kv to 6 kv incresases
phosphorescence by an average of 47 c¢b. At 0,01 sec, the average increase
is 30 ¢b for the seme change in voltage. At 0,3 sec, the same voltage
change results in an increase in light output of 51 c¢b for the Q = 10

condition, 33 cb for the Q = 20 condition, and 6 ¢b for the Q = 40




condition. Thus phosphorescence is proportional to Va0°54 to 2‘9. The
low value of the exponent is for the Q = 40 excitation for times near
0.3 sec. There is some uncertainty in the low value of n.*

The slope curves, Fig. 27, show that the slope decreases with
greater current density for a screen voltage of 4 kv, and that the slope
increages with greater current density for a screen voltage of 6 kv,

The slopes have initial values of 1l.51 to 1.93. For the two lowest
current densities, i.e. Q = 10 and 20, for the 4 kv excitation, the
slopes increase from these values st a fairly uniform rate. The remain-
ing curves tend toward minima of 1,46 to 1.79 at about 0.0l sec. The
values of the slopes increase thereafter to 2,06 to 2,16 at 0.3 sec.

The plots of fluorescence and integrated flesh, Fig. 48, are
very nearly streight lines of approximately unit slope. This indicates
the direet proportionslity between beam current and light output. In-
creasing Vé from 4 kv to 6 kv increases fluorescence by 24 cb. Thus

Vél'sv. The measured fluorescence value

fluorescence is proportional to
for this screen is about 10 cb lower than the actual value because of
gignificant decay, during excitation, between successive sweeps.
Integrated flash is 30 ¢b greater at 6 kv than at 4 kv, or cbi is
proportional to Vél'vl.

This screen has no useful buildupe.

* See p. 34.




Vi-3. GE 4609,

The decay characteristics of this zine sulphide, silver
activated screen, Fig. 11 and 12, sre extremely steep compared to the
MA designated screens studied. This becomes quite evident when Fig. 11
and 12 are compared with Fig. 13 through 24 for the RMA screens. The
slope curves for this P4 component screen, Fig, 28 and 29, compsred with
the slope curves of I'ig. 30 through 36, also make this fact evident,

The decay of this zine sulphide gcrecn is somewhat slower than that of
the two zinc-cadmium sulphide screens previously discussed. The average
slopes of the decay curves of the GE 4609 screen véry from 1.58 to l.?i
for the various excitation conditions, and decrease with greater excita-
tion.

The lifelines for the six excitation conditions aere similar
among themselves, but are quite different from other decay characteristics
measured, in that their varistions from a straight line are much more
noticeable. Xach curve has a slight downward curvature initially, with
a following region of greatly accelersted decay. The latter portions
of the decay have decided upward curvature, and the decay is of about
the same rapidity near the end of the measured decay as initially.

An increase in Q by a factor of two increases the phosphor-
egcence by an average of 20 ¢b. Increasing the screen voltage from 4 kv
to 6 kv produces an average increase of 25 ¢b in light output at 1.7 ms
for the Q = 10 and 20 conditions, and an average increase of 41 cb for
the Q = 40 excitation, At 0,01 sec, the szme voltage change increases
the light value by an average of 18 ¢b for the two lower current densities,

and 31 c¢b for the higher current density. The same voltage change
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increases the light output by an average of 27 ¢b at 0,3 sec. Thus the
decay curves are somewhat closer together at lete times near the end of
the messured decay, than initially. Phosphorescence is proportional

to Vél‘42 to 2.57.

The slope curves, Fig. 28 and 29, show that the slope decreases
with increasing Q for times less then 0,01 sec, but that for times
greater than 0,05 sec the slope increases with increasing <. The slopes
renge from initial values of 1,07 to l.41 at 3.3 ms, to maxima of 2.2
to 2,54 at 0,1 sec, The 6 kv slope curves decrease initielly by about 0.1,
forming minime at about 0.0l sec, and then increase to the aforementioned
maxima, The decrease in slope after the maximum is slightly faster then
the increase before the maximum, <The slopes decrease t0 values ranging
from 1.27 to l.44 at 0.3 sec,

The plots of fluorescence and integrated flash, Fig. 49, are
very nearly straight lines of approximstely unit slope. This indicates
the direct proportionality between beam current and light output.
Increasing Vé from 4 kv to é kv increases fluorescence by 35 cb, Thus
fluorescence is proportional to Vél‘ge. The measured fluorescence value
for this screen is about 10 c¢b lower than the actual value because of
glgnificant decay, during excitation, between successive sweeps.
Integrated flash ig 38 cb greater at 6 kv than et 4 kv, or cbi is
proportional to Véz'ls. That the change in cbi is greater then in cbr,
for the increase in voltage, would be expected because of the slower
decay resulting from the increased excitation, as the decay slove
decreases with greater excitetion for the early part of the decay.

Thig screen has no useful buildup.
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VI-4, RCA 5FP4 A.

The decay characteristics of the P4 screen, Fig. 13 and 14,
are much steeper than those for the other RMA screens measured, as seen
by direct comparison of the decay curves for the P4 with the curves in
Fig. 15 through 24 for the other screens. The slove curves, Fig, 30
and 31 for the P4, compared with TFig. 32 through 36, also make this
fact evident, The average slopes of the decay curves of the P4 vary
from 1.67 to 1.91 for the various excitation conditions, and increase
with greater excitation,

The lifelines for the six excitation conditions studied are
similar inasmuch as their slopes increase raspidly from low values for
early times to maxima at approximately O.l sec, and decrease thereafter.
The decay curves deviate increasingly from straight lines as Q is
increased. The lifeline for the lowest exeitation, € = 10, Vé = 4 kv,
is a elose approximation to a strailght line, while for the highest
excitation, Q = 40, V, = 6 kv, the lifeline shows a noticeable curva-
ture, especially at early times, The latter portions of the decay
curves are much closer together than the early portions. At the initial
reading at 1.7 ms, an increase in Q by a factor of two lnecreases phos-
phorescence by an average of 40 c¢b. At 0,3 sec, the average increase
in phosphorescence is 15 ¢b when Q is increased from 10 to 20, and 35 cb
when Q 1is inereased from 20 to 40. This indicates that the slope of
the decay curve increases as § increases. The slope curves, Fig. 30
and 31, also show that the slope ilncreases as Q Incresses, with a

possible exception for small values of times. Initially the slope may
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decrease as < increases, but the evidence here is inconclusive.

Increasing the sereen voltage from 4 kv to 6 kv produces an
average Iincrease in phosphorescence of 40 cb at 1.7 ms and 25 ¢b at
03 sec, Thogphorescence is proportional to Van, where n for this case
lies between 1,4 and 2,51,

Slopes range from low valueg, l.14 to 1.48, at 3.3 ms, to
maxima of 1.88 to 2,34 at about 0,1 sec. The decrease in slope after
the maximum is about as fast as the increase before 0.1 sec. The slope
decreases to a value of 1,75 to 2,14 at 0.3 sec,

The plots of fluorescence and integrated flash, Fig. 50, are
?ery nearly straight lines of approximately unit slope, and thus indicate
the direct proportionality between beam current and light output,
Increasing Vé from 4 kv to 6 kv increases fluorescence by 33 cb. Thus
fluorescence is proportional to Vél‘ev. The measured fluorescence value
for this screen is about 10 c¢b lower than the actual value because of
significant decay, during excitation, betweecn successive sweeps. Inte-
grated flesh is 27 ¢b greater at 6 kv than at 4 kv, or cbi is propor-
tional to Vél'ss. That this chenge in cby is smaller than the change
in cbf for the increase in voltage, would be expected because of the
nore rapid decay resulting from the increased excitation, as the decay
alope increases with greater excitation. The equilibrium value, meas-
ured as cbf, is increased solely by the increase in fluorescence, The
integrated flash value, being determined by integration of light out
to 1 sec after excitation, is affected by the increase in phosphorescence,

brought about by the increase in the magnitude of the excitation; but
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the increase is reduced somewhat by the simultaneous acceleration of
decay.

This sereen has no useful buildup.




VI-5. RCA 5FP14 A 6331.

The average slopes of the decay characteristics, I'ig. 15 and 16,
for this screcn, are in the region between l.12 and 1.22, and are smaller
for larger excitations.

The decay curves are very nearly straight lines, tending to
have increasing slopes initielly, decreasing in gteepness at intermediate
times, and again increasing near the end of the measured decay. The
differences in slopes for the different excitation conditions are
apparent from the greater separation of the decay characteristics at
later times than initially. The average increase in phosphorescence
due to an increase in current density by a factor of two is 22 cb at
1.7 ms and 38 ¢b at 10 sec, ‘The geparation of the characteristics taken
at two screen voltages, 4 kv and 6 kv, is approximately the same as the
geparation between curves for the different Q's, as evidenced by the
gimilarity of the @ = 20, V, = 4 kv curve to the one for the Q = 10,

Vé = 6 kv condition. Thusg phosphorescence is proportional to Val's to 2.2,

The decay slopes, iig. 32, increase initially for the 4 kv
excitations, but change little for early times for the 6 kv excitations.
411 the slope curves tend toward lower values at intermediate times with
increasing sloves at later times. The initial slopes at 4 kv rsnge from
0.97 to 1.07, increase to values between l.14 and 1,31 at about 0.03 sec,
pass through variations at somewhat smeller values, for intermediate
times, creating not very clearly defined minima, and finally increase
after about 3 sec to values between 1,29 and 1.4 at 10 secc. The 6 kv

group has initial slopes in the range between 1.08 and 1.2, followed by
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a decrease to minima of 0.98 10 1,02 for times between 0.1 scc and 3 sec,
The increase after the minima brings the slope values to 1.35 to 1.4
at 10 sec, Iere again, an increase in @ decreases the slope of the early
part of the decay, but increases the slope of the later part. ‘the change
from the condition in which the slope decreases ag < increases, to that
in which the slope increases as 4 increases, takeg place earlier for
greater excitations. Slope values on the tails of the decay curves tend
to increase and approach equality as the excitation is increased.

The very nearly straight line plots of approximately unit
glope of iig. 51, for fluorescence and integrated flash, indicate the
direct dependence of cbf and cbi on beam current. 7The fluorescence
value for 6 kv is 27 cb above the value for 4 kv, while the two cby
curves are 3l cb spart. Thus fluorescence is proportional to Val‘5,

1.7

and cby is proportional to V, « That the change in cb, is greater

i
than in cbp for the increase in voltage, would be expected because of
the slower decay resulting from the increased excitation, as the decay
slope decreases with greater excitation for the early part of the decay.

Fig. 37, buildup plots, chows that the phosphor approaches
saturation rapidly when excited by repeated pulses. The buildup ratio
G5:l decreases from 6,8 for the ¢ = 10, Va = 4 kv case, to 2.4 for the
Q =40, V, = 6 kv excitation. TFor the same two conditions, GiO:l
decreases from 10,5 to 2,7. Doubling the current density produces a
smaller change in light oubtput 1 sec after excitation than increasing
the anode voltage by a factor of 1.5,

The plots in Fige. 42, of cbl, cb5, ¢b, ., as functions of beam

10
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current, have slopes ranging from 1,3 to 0,75, The two cbl curves have
slopes greater than unity, indicating that cbl increases more rapidly
then log10 1p' Mow since cbf ig directly proportional to &, this shows
that the total decay in the first second after excitation by one raster
decreases with increasing Q. On the other hand, the slopes of the cb5
and cblo curves are less than unity, indicating that the total decay

in the first second after excitation by five to ten rasters is greater
for greater current density. The smaller separation of the curves for
the greater excitations on this plot demonstrates the decrease in

buildup ratios.




VI-6. RCA 5FP14 C7570ll 3940-18.

The average sloves of the decay charescteristics, Fig. 17 and 18,
of this screen, are reduced by increasing execitation, and lie in the
range between 1.l and 1l.18.

An inspection of the plots of the slopes of the decay curves,
Fig. 33, reveals the existence of slope minima as the characteristic
cormion to the decays of the verious excitations studied. These minima
arc also indicated by the greater separetion of the curves for different
Q values at intermediete times than at initisl times. Doubling the
value of Q results in an average increage of 25 c¢b in phosphorescence
at 1.7 ng, 38 ¢cb at 0,3 sec, and 33 cb at 10 sec. Increasing the anode
voltage from 4 kv to 6 kv increases phosphorescence about 5 ¢b more than
doubiing the current density, at all points along the decesy character-
istic. Thus phosphorescence is proportional to Vél'7 to 2.5

The decay slopes decreasge {rom ipitial values of 1.28 to 1l.34,
to minima of 0,96 to 1.02 at times between 0,03 and 3,0 sec, and in-
crease to 1l.11 to 1.33 at 10 sec. The time of the minimum is shifted
to earlier times for increased current density or increased screen
potential. The slope plots for the 6 kv group are quite similar in
. g@eneral appearance, much more so than the 4 kv group, indicating that
for lcrger exclitations the slopes ten& towards the same value, and the
decay charscteristics become more nesrly parallel. The early parts of
the decays are steeper for smaller excltations, while the later parts
are steeper for larger excifationé. The change from the condition in

which the slope decreases as Q increases to that in which the slope
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increases as Q increases, takes place earlier for the 6 kv character-
istics than for the 4 kv characteristics.

The plots of fluorescence and integrated flash in Fig. 52 are
very nearly stralght lines of approximately unit slope, indicating the
direct proportionality of light output upon current densgity. The cbf
curve for 6 kv is 23 cb above that for 4 kv, while the two cb1 curves

are 32 cb apart. Thus fluorescence is proportional to Vél's

s and cbi

is proportionsl to Vé1°8. That the change in cbi is greater than the
change in cbr for the increese in voltage, would be expescted, because of
the slower decey resulting from the increased excitation, as the slope
decreases with greater excitstion for the early part of the decay.

The buildup plots of Fig. 38 show the rapid approach of
saturation as the phosphor is excited by repeated pulses. The buildup
ratio Gg,q decreases from 5,75 for the Q = 10, Va = 4 kv case, to 1,95
for the Q = 40, V, = 6 kv excitation, For the same two excitations,
G10:1 decreases from 7,6 to 2,1. As for the previous tubesg discussed,
doubling the current density produces a smaller change in light output
1 sec after excitation than increasing the voltage by a factor of 1.5.

The plots in Tig. 43 of cbl, cb5, cblo as functions of beam
current have slopes ranging from l.4 to 0.5. The two cbl curves have
slopes greater than unity*, indicating that the total decay in the first
second after excitation by one raster decreases with increasing Q. On

the other hand, the slopes of the cb, and eb;, curves are less than

5

* See p. 45.
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unity, indicating that the total decay in the first second after
excitation by five or ten rasters is grester for greater current density.
The smsller separation of the curves for the greater excitations on this

plot demonstrates the decrease in buildup ratio.




VI-7. GE 5FPl4 C72745,

The decey characteristics of this screen, Fig. 19 and 20, have
average slopes which lie between 0,93 and 1.06, and decrease with greafer
excitation. In general, the characteristics decrease in slope in the
early vportions of the decays, reach slope minims at intermediate times,
and increase in steepness near the end of thec measured decay. These
variations in slope become smaller for sreater excitations, so that the
curve for the Q = 40, Va = 6 kv condition is @ fair approximstion to a
stroaight line initially, but has @ noticeable increase in gteepness after
about 1 sec., The minime in slope velues are made evident from the decey
curves by the greater separation of the characteristics for the various
excitation conditions at the intermediate times than for earlier send
later times. At the initial reading, 1.7 ms, the separation of the
curves for fhe different Q's averages 25 c¢b; at 0.1 sec this sepearation
averages 50 cb; and at 1 sec it aversges 45 c¢b. The separation of the
characteristics taken ot the two screen voltages, 4 kv and 6 kv, is
approximately the sume ag the separztion between the curves for the
difTferent Q's. Note the marked resembiance of the @ = 20, Vy = 4 kv
curve to the one for ¢ = 10, V; = 6 kv curve. This indicates that
doubling the current density gives nearly the same effect as increasing
the voltage by a factor of 1.5, and thus that phosphorescence is pro-
portional to Vél'é o 2°8,

The decay slopes, IFig. 34, decrease initially from velues of
0.88 10 1.27, 50 minima of 0.8l to 0.87 at times between 0,05 sec and

1.0 sec, then increase to values renging from 1l.02 to 1.19 at 10 sec.
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Note that the range in slope values for the 6 kv group is quite small
at the end of the measured decay, indicating that for large excitations,
the slopes tend towards the same value at the tails of the decay charac=
teristics, even though the initial slopes may vary considerably. The
minima of the slopes of the decay curves occur earlier at greater exci-
tations. An increase in Q decreases the slope of the early part of the
decay, but increases the slope of the later part of the decay. The
change from the condition in which the slope decreases as Q increases
to that in which the slope increases as Q increases, takes place earlier
for characteristics taken at 6 kv than for those at 4 kv.

The plots of fluorescence and integrated flash in Fig. 53 are
very nearly straight lines of aspproximately unit slope, and indicate
the direct proportionality of light oubtput and current density. The cbf
curve for 6 kv is 32 c¢b above that for 4 kv, while the two cbi curves
are 40 ¢b apart. Thus fluorescence is proportional to Val‘s, and cbi is
proportional to Véz's. That the change in cby is greater than the change
in cbf for the increase in voltage, would be expected because of the
slower decay resulting from the increased excitation, as the decsy slope
decreases with greaster excitation for the early part of the decay.

Fig. 39, buildup plots, shows that the phosphor approaches
saturation rapidly when excited by repeated pulses. The buildup ratio

decreases from 10.8 for the Q = 10, V_, = 4 kv case, to 2.4 for the

G5 a

:l
Q =40, V, = 6 kv excitation. For the same two conditionms, Glo:l
decreases from 15.1 to 2,6. As for the other Pl4's, an increase in

current density by a factor of two produces a smaller change in light
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output 1 sec after excitation than an increase in voltage by a factor
of l.5.

The plots of ¢by, cbg, cblo in Fig, 44 bave slopes ranging
from 1.7 for cb1 at 4 kv to 0,62 for e¢b;y at 6 kv. The slopes of the
tvo cbl curves are both greater than unity. This indicates that the
total decay in the first second after excitation by one raster decreases
with increasing Q.* _On the other hand, the slopes of the cb5 and cb10
curves are less than unity. This indicates that the total decay in the
first second after excitation by five or ten rasters is greater for
greater Q. The amaller separation of the curves for the greater exci-

tations on this plot demonstrates the decrease in buildup ratios.

* See Pe 450




VI-8 and 9. RCA SFP7 A, 1 and 2.

The Y7 screen has the longest persistence of the tubes
measured, so that the decay characteristics in Fis. 21 throush 24 have
the lowest slope values, although the average slopes are only slightly
lower than thoge for the P14 sereens., The average slopes of the decay
curves of the two P7 screens vary from 0.9 to 1,04 for the various
excitation conditions, and decrease with greater excitations.

The two P?7 screens are at roughly the same light levels along
the decay characteristics, .it 1.7 ms, the phosphorescence values of
the P?7 1 are an average of 13 cb above those for the r7 2. At 0.1 sec,
the light output of the P7 2 is an average of 5 cb higher than the P7 1.
At 10 gec and 30 sec, the Y7 2 is an average of 2 ¢b higher than the
P7 1.

The similarity of the Y7 decay curves can best be seen by
comparisons of the slope plots, Fig. 35 and 36. There 1s some tendency
for the glope to increase in the beginning from its initisl value, but
the increase is smaller for greater excitations. The chief character-
istic of the slope curves, however, is the avppearance of minima in the
intermediate parts of the measured decays, followed by an increase in
the slopes. These variations in slope along the lifelines are also
evident from the decay plots, wvhere the curves are closer together at
earlier times than at later times. 7The minima in the slope curves
correspond to the initial upward curvature of the decay characteristics,
followed by the increase in slope evident from the downward curvature

near the later portions of the messured decays. The @ =10, V, = 4 kv
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curves, i'ig. 21 and 23, are very nearly straight lines, but the curves
for higher excitations, Fig. 22 and 24, differ increasingly from
linearity with increasing excitation,

For the P7 1, doubling the value of Q results in an average
increase of 25 ¢b in phosphorescence at the 1,7 ms decay point, 35 cb
at 0.1 sec, and 38 cb at 10 sec. Xor the P7 2, doubling the vglue of qQ
results in average increases of 15 ¢b at 1.7 ms, 30 c¢b at 0.1 sec, and
%6 ¢cb at 10 sec., Thus the P7 2 is influenced somewhat less by the
increased current density. The general trend of greater separation for
the later portions of the decay, together with the sequence of slope
plots, indicates that the slope decreases when the excitation increases.

Increasing the sereen voltage of the P7 1 from 4 kv to 6 kv
results in an average increase of phosphorescence of 32 c¢b at the initial
reading of 1,7 ms, 48 ¢cb at 0,1 sec, and 42 ¢b at 10 sec, <“hus phos-
phorescence is proportional to Vél'a %0 2¢7 por the P7 1. Tor the P7 2,
increasing the screcn voltase from 4 kv to 5 kv results in an average
increase of phosphorescence of 24 ¢b at 1.7 ms, 38 cb at 0.1 sec, and

39 ¢b at 10 sec., So for the P7 2, phosphorescence 1s proportional to

. 2e
val 37 to 21‘

As for the increase in 4, the I'7 2 is influenced less
by the increased voltase than the I'7 1. These comparisons show that the
decay curves for the two valuee of screen voltage also increase in
geparation at intermediate times, but tend together again near the end
of the measured decey. That is, the glope decreases more for an increase

in serecn voltase at intermediate times than at earlier or later times.

For the P7 1, decay slone values range from 0.97 to 1l.24
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initially, decrease to minima of 0.81 to 0,95 at times between 0.3 sec
and 1 sec, and increase thereafter to values of 1,08 to 1l.21 at 30 sec,
For the P7 2, the initial slopes range from 0,79 to 1,07, decrease to
minima of 0,73 to 0,96 at times between 0.03 sec and 0.1 sec. After the
minima, tue slopes increase to 1,08 to 1,17 at 30 sec. The average
slope of the P7 1 varies from 0,95 to 1.04, while the average slope of
the P7 2 varies from 0,9 to 1.03. Thus the average slopes of the two
screens are very nearly the same, although the P7 2 decays somewhat more
slowly. The time of the minimum in the slopes is earlier for increased
current dengity or increased screen potential. The time of the slope
minimum is also much earlier for the P?7 2 than for the P7 1.

Fig. 54 and 55 indicate the direct proportionality of screen
excitation to light output by the very nearly straight line plots of
approximately unit slope of fluorescence and integrated flash vs the
logarithm of the beam current. The cbf,curve of the P7 1 for 6 kv is
25 c¢b above the one for 4 kv, while the two cbi curves for this tube
are 35 c¢b apart. The cbf curve of the P?7 2 for 6 kv is 22 cb above that
for 4 kv, while the two cbi curves are 32 cb apart. Thus fluorescence
1s oroportional to V. 1** for the I7 1 and to V,1+25 for the P7 2. Inte-
grated flash is proportional to Vﬁz for the P7 1 and to Vél’sz for the
P7 2, lieasured fluorescence values for the P7 2 are an average of 9 c¢cb
above the corresponding values for the P7 1. The measured cbi values
for the two tubes are less than 2 e¢b apart on the average, again with vhe
P7 2 somewhat larger than the P7 1.

That the change in cbi is greater than the change in cbf for
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the increase in voltage; would be expected because of the slower decay
resulting from the increased excitation, as the decay slope decreases
with greater excitation.

The buildup plots, Fig. 40 and 41, show that even at the
greatest excitation used, Q = 40,'V§ = 6 kv, the phosphor was only
beginning to reach seturation. DBuildups for the P14 screens, cf. Fig. 37
through 39, are much faster then for the P7's, The buildup ratios
decrease with increasing Q, since, of course, a greater current density
brings the light output closer to thet of the saturated condition. The
buildup ratio 65:1 for the P7 1 decresses from 7.2 for the Q = 10, V, = 4 kv
excitation, to 3.4 for the § = 40, Vé = 6 kv excitation. FYor the same

conditions, G for the P7 1 decreases from 11.5 to 4.4. i'or the same

10:1
conditions again, G5'l for the P7 2 decreases from 5.25 to 3.55, and
G. decreases from 9,1 to 4,16. Irom the plots, it is also seen that

10:1
an increase in current dengity by a factor of two, with constant Va,
produces a smaller change in light output 1 sec after excitation than an
increase in voltage by a factor of 1.5, with constant Q.

The plots of cbl, cb5, cblo
have average slopes ranging from 1.0 to l.4. ZiFor the P7 2, Fig. 46, cbl

Vs loglo ip for the P7 1, Fig. 45,

and cb5 have slopes ranging from 1,02 to l.3. Slopes of the ¢b 0 plots

L
for the P7 2 are less than unity, and are 0,92 and 0,85 for the 4 kv and
6 kv conditions, respectively. When the slope is greater than unity,
i.e. for excitations by one to ten rasters for the P7 1, and by one to

five rasters for the P7 2, the total decay in the first second after
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excitation decreases with increasing Q.* Vhen the slope is unity, i.e.
for a ten raster excitation of the P?7 1 at 6 kv, this one second total
decay 1s not changed when Q changes. UYhen the slope 1s less than unity,
i.e, for excitation of the P7 2 screen by ten rasters, the totzl decay
in the first second after excitation increases with increasing Q. The
slones of these ch curves decrease with increasing Q. The decrease in
buildup ratios with increasing excitations is evidenced in these plots
by the decreasing separation of the curves at the higher levels of

excitation.

* See p. L5.
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VII. ANSLYSIS OF IEASURIMENTS BY COMFPARISONS AMONG TUEE TYYLS

VII-1l. Phosvhorescence.

The decay characteristics provide a comparison of persistence
timeg. The tubes have been discusgsed in the order of increasing. per-
sistence. The three GE tubes, GE 4633, GE 4665, GE 4609, with screens
composed of P4 components, decay the most rapidly of the tubes studied,
as the decay plots in Tig. 7 through 12 indicate. The P4 screen,
¥ig. 13 and 14, decays nearly as Tast. <“he three P14 screens, fig. 15
through 20, are considerably slower in decay than any of these, and the
P7t's, Tig. 21 through 24, are somewhat slower than the Pl4's, Table 3
is included in order to present a comparison of light levels among the
screen types, at various times, for excitstion of the phosphor by a
current density of 20 qpcoulombs/cmz with an anode voltage of 4 kv,
This value of excitation was chosen as representative. wote that the
three GE P4 component screens and the P4 screen decay about 200 cb
between 0,01 sec and 0,1 sec. This is equivalent to saying that the
phosphorescence level decreases by a factor of about 100 during that
time interval, and that the slope of the decay curves for these screens
is about two in that interval. Ior the remaining screens, the decay
between 0,01 sec and 0.1 sec is about 100 eb, a decrease in phosphores-
cence by a factor of about 10. Thus the Pl4's and the P?'s have decay
slopes near unity.

The decay characteristics of the GE 4633 screen, I'ig. 7 and 8,

and the GE 4665 screcn, Iig. 9 snd 10, are noticeably different, although




TABLE 3

CONDENSED DATA ON DECAY AND SLOPES

for: Q =20 mucoulomba/cn2

4 kv
TUBE Dg,0 S0.o0 Poa1 S0.1 P00 Sib0
GE 4632 449  2.98 229 1.94  comm mmee
GE 4665 531  1.56 344 1,88  ceem  —me-
GE 4609 499 1,21 294 2.b2 - -
RCA SFP4 A 521  1.52 317 2,12 meem oee-
RCA 5FP14 A 565 1,15 440  1.21 334 1.15
6331
RCA 5FP14 566  1.23 453  1.12 355 0,98
3940-18
GE 5FP14 531 1,18 442 0.83 351  0.94
RCA 5FP7 A 542 1,21 437 0,98 350  0.82
1
ROASFP7A 541 1.8 443 1,00 359 0,81

- o

- s

207

243

248

261

267

* D indicates the cb value on the decay characteristic at the time
in seconds, indicated by the subscript, after the end of screen excitation,

** § i{ndicates the slope of the decay characteristic at the time
in seconds indicated by the subecript,

10

o — -
- - -
- -

1.39

1.21

1,10

0.96

0,98



their phosphor compositions are nominally the same. Both tubes have
zinc-cadmium sulphide, silver activated screens, with phosphors manu-
factured by the Genersl Electric Compeny and the Patterson Screen
Company respectively. DBoth screens have yellow green luminescence, with
the GF 4633 somewhat lighter in shade. Although the fluorescence values
for thesge two tubes cre less than 10 c¢b apart, with the GE 4665 having
the higher value, the difference in light levels is quite large for
short times after the end of excitation. For example, as shown in

Table 3, the GE 4665 is 115 cb higher than the GL 4633 at 0.1 sec.

The third P4 component screen, the GE 4609 tube, differs
morkedly from the other screcns. It has e zine sulphide, silver acti-
vated screen which emite light blue luminescence. Its measured fluores=-
cence ig less than one-tenth as bright as the other tio P4 component
screens. lowever, a part of the difference in measured values is caused
by the variation is the multiplier-filter response with wave=length,
¥ig. 5. The decay cheracteristics, +'ig. 11 and 12, are unusual in their
rather extreme variation from straight lines. This variation consists
of the initial dovmward curvature of the lifelines, followed by regions
of greatly accelerated decay at intermediate times, and a marked decrease
in slope near the end of the measured decay.

The decey of the P4 screen, fige. 1% and 14, is less rapid than
any of the screens having components of the P4 phosvhor. Of the three
Pl4 screens, the GE tube, Fig. 19 and 20, has the slowest decay, although
its ohosphorescence is lowest for early times. The two RCA Pl4's, vig. 15

through 18, emit very nearly the same light shortly after excitation,
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but the 6331 tube, which has the newer type poured screen, decays
gomevhat faster.

Slope plots show the charaeter of the lifelines much more
readily than the decay plots. The slope plots fall into two categories:
one in which the slope rises from a low value to a maximum; and a second
in which the slope decreases to0 a minimum for intermediste parts of the
decay, and increases for later times. The first type represents the
decay curve which has downward curvature initially, followed by upward
curvature. 7The second type of slope curve corresponds to the decay
curve with initial upward curvature followed by downward curvature.

The slope plots of the screens of the P4, i'ig. 30 and 31, the GE 4633,
Fig. 25 and 26, and the GE 4609, Iig. 28 end 29, belong to the first
category, while those of the Y7 and P14 screens, Fig. 32 through 36,
and the GE 4665 screen, I"ig., 27, are of the second type. Table 4 pre-
sents information taken from the slope plots of Fis. 25 through 36.

The minima in the slopes of the decay characteristics of the I'7 and Pl4
screensg occur at intermediate times rsnging from 0.03 to 3,0 sec. The
minima in the slope plots of the GE 4665 occur at asbout 0.01 sec, except
Tor the Q = 10 and ©Q = 20 curves at 4 kv, for which the slope increases
over the entire range of measured decay. ©Since the minima are not
evident on 8ll curves, and since they are not as pronounced as for the
other tubes when they do appear, the significance of these minima for
the GE 4665 tube is uncertain., The maxima in the slores of the decay
characteristics of the I’4 and GE 4609 occur at about 0.l sec, while the

maxima in slope for the GE 4633 occur between 0,01 and 0,03 sec.
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TABLE 4

SOME DATA ON SIOPES OF DECAY CHARACTERISTICS

ANODE

VOLTAGE
TUBE XV
GE 4633 4
6
GE 4665 4
6
GE 4609 4
6
RCA 5FP4 A 4
6
RCA 5FP14 A 4
6321 6
RCA 5FP14 4
3940-18 6
GE SFP14 4
6
RCA 5FP7 A 4
1 6
RCA 5FP7 A 4
2 6

APPROXIMATE VALUE OF t(sec) WHEN SLOPE IS:
DECREASING INCREASING
MAX MIN WITH Q WITH Q
0.01 = 0,03%  ccwmenm less than 0,01 greater than 0,02
0,01 - 0,03 «c--e- " * 0,01 " " 0,02
———— 0.01 ** all  emee-
..... 0,01 —————— all
0,1 ———— less than 0,03 greater than 0,05
0.1 0,01 " " 0.01 " » 0,03
0.1 — ——— all
0.1 ———— eee—- all
- 0,1 - 3,0 1less thanl greater than 5.0
----- 001 - 300 " " 0‘3 " " 2‘0
----- 0.03- 3,0 less thanl greater than 2,0
————— 0,03 " "% 0,03 greater than 0.5
----- 0.1 - 1.0 1less than 0,3 greater than 0,5
----- 0.05-' 0-1 " " 0005 " " 0'3
————— 1.0 ell ——
""" 003 8.11 bt
----- 0,03- 1,0 all —-——
----- 0.03- 0,1 all -——

* Where two figures appear, they represent the extremes of the locatiops
of the minima or maxima for the three values of Q: 10, 20, and 40 muc/cm”.

** Curves for Q = 10 and 20 muc/cmg show no minima, but are increasing

initially,
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The minima in the slope plots for the P7 and Fl4 screens are
obgerved to shift to earlier times for increased excitation, as shown
in ig. 32 through 36. The minima for the GE 4665 screen, fip. 27, and
the maxima in the slopes of the P4, GE 4633, and GE 4609 screens, Fig. 25,
26, 28, and 29, appear to be at about the same time for all the excita-
tions studied.

The magnitudes of the slopes of the characteristics of the
Pl4a's, Fipge 31 through 34, the Gu 4633, Tig. 25 and 26, and the GE 4609,
Mig. 28 and 29, decrease as Q increages at early times, but increase as
Q increases st later times. This reversal occurs at earlier times for
greater values of excitation. For the range in time studied, there is
no such reversal in the case of the ¥4, Fig. 30, for which the slopes
increase with Q; nor in the case of the F7's, rig. 35 and 36, for which
the §lopes decreage with Q. The GE 4665 is exceptional in that the
slopes of its characterigtics decrease with Q over the entire measured
decay for the 4 kv condition, but increase with { over the entire range
for the 6 kv condition,

Data teken from the plots discussed above are presented in
Table 4, which gives, approximately, times of maxima or minims in slopes,
and times when slopes increase and decrease as & increases. |

FPhosphoregcence is directly proportional to Van, where n varies
from 1.3 to 2,9 over the range in time of the decays studied, for all the
screens with the exception of the GE 4633 and the GE 4665, The lowest

values of n were found to be 0.21 and 0,34 respectively for these screens.

However, there is some unce}tainty in these low values¥*

* See pp. 34, 37
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VIiI-2. Buildup.

The buildup curves, Fig, 37 through 41, show that the buildup
decreases with increasing excitation as the phosphor approaches the
saturated condition.

Table 5 presents a tabulation of the average slopes of the

ch vs logy, i plots, Fig. 42 through 46, and Table 6, p, 67, gives

D
some comparative data ghowing the decrease in buildup ratios for in-
creasing excitations.

Ilere it is shown that the slopes of the cbl vs logmo 1p curves
are greater than unity for the tubes measured. This mesns that the value
of cbl inereases more rapidly than logq ip, or that the light values at
the one second decay points are superproportional to beam current. s
shown in Table 4, this superproportionality decresses with increasing
intensifier voltage. Tlash and fluorescence velues, on the other hand,
are directly proportional to beam current.

This superproportionality, and the direct dependence of fluor-
escence on current density, indicate that the totel decay, in the first
second after excitation of these screens, decreases with.increasing <.
Or, in other words, the aversge slope of the decay curve, computed from
the maximum light value at the end of excitation t0 the light value at
the one second point, decreasés with increasing current density. It is
found experimentally that the average slopes of the decay curves, deter=—
mined from the straight lines that have zpproximately the least square
deviation from the actual decay characteristics, decrease as the excita-

tion increzses, with the exception of the P4 and the GE 4665 screens.
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TABLE 5

AVERAGE SIOPES™ OF PLOTS OF

"eb,, cb_, cb . AS FUNCTIONS OF BEAM CURRENT"

1 5 10
c’bl cb5 cbyo
TURE 4 kv 6 kv 4 kv 6 kv 4 kv 6 kv

GE 4633 Fo useful buildup
GE 4665 No useful buildup
GE 4609 No useful buildup
RCA 5FP4 A No useful buildup
RCA 5FP14 A 1,3 1,3 0.9 0,87 0.68 0,75

6331
RCA 5FP14 1,4 1.03 0.82 0.55 0,68 0.5

3940-18
G® 5FP14. 1,7 1.25 0,87 0.66 0.72 0.62
RCA 5FP7 A 1 1.4 1.35 1,15 1,05 1.05 1,0
RCA 5FP7 A 2 1.2 1,3 1.1 1.02 0,92  0.85

chn(ip = 120 pa) ~ ch(xp = 30 pa)

* Average Slepe =
log,, (120/30)
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The wvalues of cb5 and cb10 for the three 14 screens, and of
c‘olo for the P7 2 screen, are subproportional to beam current, showing
the approach of saturation of the phosphor; whereas cb5 values for both

P7's, and cb,, valueg as well for P7 1, are somewhat superproportionsl,

10
indieating that these screens approach saturation more slowly. Lecause
of the subproportionality existing for the P14 screens, the total decay
in the first second after excitation of these scereens by five or ten
standard rasters at one second intervels would be expected to incresase
with increesihg Q. This increase in the decay slope would be greater for

ten pulse excitation then for five, and would be greater for greater

final anode voltage.
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VII-3. Integrated lash and Fluorescence.

Plots of flash and fluorescence, 1ig. 47 through 55, are very
nearly straight 1in§s, with slopes of approximately unity, indicating
the direct proportionality between beam current, and flash and fluor-
escence, over the range tested. - comparison of values, given in
Table 6, for the tubes studied, shows a rough correlation between decay
slopes, integrated flash values, Tluorescence values, and buildup ratios.
Associated with rapid decay are high flash and fluorescence values and
low values of the buildup retio.

Tluorescence and integrated flash are proportional to V.0,
where the exponent n varies from 1,25 to 1.98 for fluorescence, and
from 1.7 to 2,3 for flash. Various values of the exponent for the tubes

gtudied are given in Table 7.




vV =
TUBE Q4=

GE 4633
GE 4665
GE 4609
RCA 5FP4 A

RCA 5FF14 A
6331

RCA SFP14
394018

GE 5FP14

RCA 5FFP7 A
1

RCA 5FP7 A
2

ELAS ORESCENCE C CTERISTICS

-6

TABLE 6

cb! So 1

4 6 4 6
10 40 10 40
642 731 2,02 2.12
653 728 1,9 1.85
533 622 2,29 2.54
591 671 1,88 24235
560 648 1,19 0.98
571 662 1,23 1,00
528 633 1,06 0,97
560 651 1.0 0.81
562 643 0.98 0,79

G .
4 6
10 40
*
*
%
x*
6.8 2.4
5.8 2.0
10,8 2.4
7.2 3.4
5,25 3,55

ch, = integrated flash to 0,1 sec.

1
0.1

5:1

cbf

slope of decay characteristic at the 0,1

buildup ratio for five rasters

ch
antilog

fluorescence,

* No useful buildup.

- ¢by
100

cb

'H
O p

693
700

582

661

653

668

646

655

668

I o |

(ga!
774
668
746

728

742

727

732

736

sec, point.
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TABLE 7

DEPENDERCE OF FLUORESCENCE AND FLASH ON ANODE VOLTAGE

EXPON'ENTOFVa

e

TUBE FLUORESCENCE FLASH
GR 4633 1.65 1,88
GE 4665 1,37 1.71
GE 4609 1.98 2,16
RCA 5FP4 A 1,87 1.53
RCA 5FP14 A 1.5 1.7
6331
RCA 5FP14 1.3 1.8
394018
GE 5FP14 1.8 2,3
RCA §FP7 A 1.4 2,0
RCA 5FP7 A 1.25 1,82

2
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VIII. SUMLARY OF GENERAL CONCLUSIONS

The following conclusions can be reached regarding the
properties of the particular gscreens studied herein, viz. the P4, P14,
P?7, 4nS:0dS, and ZnS phosphors; over the ranges of excitation used,
viz. @ = 10 to 40 qpcoulombs/cmz, Vy = 4 kv and 6 kv; throuzh the range
in times measured, viz. 1.7 ms to 0,1 sec for more rapid decays, and

1.7 ms to 30 sec for the slower decays.

VIiII-l, DPhosphorescence.,

The slopes of the decay characteristics fall into two broad
categories:

(1) Slope increases to maximum and then decreases.
(2) Slope decreases o minimum and then increases.

The first type includes the shorter persistence screens, ee.ge P4. The
second type includes the intermediate and long persistence screens,
€eZe P7,.

The maxima of the slopes of the first type occur at about ths
geme time for each excitation investigated.

In the slopes of the second type, the minima occur at earlier
times for increased excitations.

The slopes of the decay characteristics of the F7 screens
decrease with increasing Q. For the 4 screens, the slopes of the decay
characterigtics inerease with increasing Q. For the other screens, the
initisl slopes are smaller for larger values of the excitation, but the

slopes near the end of the measured lifelines are lerger for increased




excitations; this shift from a decrease to an increase of slope with
excitation occurs at earlier times for greater excitations.

Phosphorescencé decays for various excitations are not uni-
formly separated. In general, if the slopes exhibit minima, the decay
curves are cloger together initially than at intermediate times; but
for slopes which have maxims, the reverse is true. rhosphorescence,
therefore, has a dependence on the anode voltage and the current deﬁsity
which varies with time from the end of excitation. It is directly
proportional to Véng where the value of n varies from l.3 to 2.9 approx-
imately. Its dependence on the current density is such that doubling @
ineresses the light level by s factor which varies from l.4 to 3e.2.

The luminescence, both during and after excitation, increases
more for a change in anode voltage from 4 kv to 6 kv than for a change

in Q@ from 10 to 20 or from 20 to 40 qpcoulombs/cmz.




VIII-2. Buildup.

The buildup ratio decreages for greater excitetion for all
the phosphors.

The value of the light output one second after one raster,
i.e. cbl, is superproportional to the logerithm of the current density
for all the phosphors. The superpr0poftionality decreases with
increasing excitation. The values of cb5 and cblo are subproportional
to logy, Q, with the exception of the P7, Superproportionality, and the
direct dependence of fluorescence on current density, indicate that
the total decay in the first second ofter excitation decreases with
increasing Q. Subproportionslity indicates that this decay increases

with increasing Qe




2=

VIII-3, Integrated Flash and Fluorescence.

The fluo.escence and flash values are directly proportional
to V,B. For fluorescence, the vslue of n varies from 1.25 to 1.,98.
For flash, the value of n varies from 1.7 to 2.3. 1lash and fluores-
conce are directly proportional to Q.

There is some evidence that high flash and fluorescence

values, and low values of the buildup ratio, are associated with rapid

decays.

Acknowledgment. The author wishes to express his gppreciation to

. Professor W. B. Nottingham for advice in the conduct of this research
and in the preparation of this report.
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