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CHARACTERISTICS OF MAGNESIUM FLUORIDE AND P7 PHOSPHORS 
FOR RADAR PPI APPLICATIONS 

SUMMARY 

This report describes the results of 
comparative tests on three cathoderay tubes 
of the types used for radar plan posltlon 
mdlcator appllcatmns Two of the tubes 
tested had magnesium fluoride s c r e en 
phosphors, and the third tube, a 12DP7, was 
used as a reference standard because of Its 
use In current equpment The obJectlve of 
these tests was to determme whether the 
magnesium fluoride tubes offer sufflclent 
advantages over the currently used P7 types 
to warrant retroflttmg of the exlstmg radar 
mdlcators The scope of the data obtamed 
was l,m,ted to that which would perrmt a 
prellm,naryevaluatlon of performance based 
on operational requirements Chief among 
these objectIves were the factors of display 
persistence and brightness 

Results mdlcate that the persistence 
of the PAC magnes,um fluoride tubes IS 
approxunately four tunes that of a P7 tube 
operatmg under smnlar condltlons The 
PAC magnes,um fluor,de tube, which was 
an experxnental tube developed by DuMont 
Laboratorxs. prov,des about the same 
display brightness as the P7 tube The tests 
further mdlcate that although the magnesium 
fluoride tubes have a shorter useful life than 
the P7 type. the operatmnal advantages 
probably outw e 1 gh this disadvantage by 
prowdIng longer arcraft signal trails and 
thereby permlttmg more accurate trackmg 
and vectormg of arcraft The PAC tube 1s 
expected to have a probable rnxnmum useful 
life of at least 600 hours when MT1 vrdeo 1s 
&splayed and approxmxately 300 hours when 
ground clutter video 1s contmuously dls- 
played Extended operatmn in typical mstal- 
latlons ~111 be requred to establish thr life 
expectancy. 

Sultable protective c,rcults are 
requred to cut off the electron beam when 
ather yoke rotation or rad,al deflectlon 1s 
stopped 

INTRODUCTION 

The function of cathode-ray tubes used 
xn radar plan posltlon md,cators (PPI) IS to 
convert electrical lnformatlon ,nto v1su.4 
mformatlon for the benefit of the human eye 
It 1s essential that the radar display aId the 
operator in every possible way in the de- 
tectlon and resolutmn of the target data 

avaIlable from the radar receiver This 
requuement of radar mdlcatmg systems x.1 
I” some respects, more exacting and 
dlfflcult than that of other types of displays 
For example. one of the prmclpal efforts 
expended in any radar or communcatmn 
system 1s ,n obtaunng the maximum slgnal- 
to-no,se ratlo The problem of mamtammg 
th,s ratlo ,n the fmal display of a radar 
system 15, III part, a function of the material 
cornposItIon ofthe screen coahng Excludmg 
the effects and problems of amblent light 
cond,t,ons. It 1s essential that the display 
tube have the highest possible conversion 
effwency, that 15, It should provide the 
maxunurn possible light output from the 
smallest electrlcal data signal From an 
operatxmal pant of vxw. It 1s also desirable 
that the arcraft target signal be retamed for 
long periods of time to permlt operators to 
detect and determlne more accurately the 
degree of change in arcraft headmg as well 
as to facllltate other operatIona requre- 
ments such as the determmatron of heading 
and rate of closure 

Essentially allofthesurvelllance radar 
plan posltux, mdlcators ,n use today utlllee 
P7 screens composed of zinc sulphlde and 
cadrmum Although the persistence provided 
by these tubes 1s adequate, It 1s margmal for 
some types of traffic control work where 
shorhrange scales and relatively high-speed 
arcraft are Involved This 1s partrcularly 
true when the radar sweep range IS less 
than 20 miles. It 1s desirable from the 
standpant of Increased safety to provide 
longer persistence and therefore longer 
signal trails. thus enablmg the operator to 
determme changes m headmg more easily 
and accurately 

ll,he recent development of cathode-ray 
tubes havmg magnesium fluoride screens 
and long phosphor decay characterlstlcs led 
to the ,nvestlgatlon of their sultabihty for 
radar apphcatlons Two tubes were tested 
(1) a conventional two-anode tube manufac- 
tured by the Vacuum Tube Products Company. 

(2) a post-deflection acceleration type of 
tube manufactured by the Allen B DuMont 
LaboratorIes 

TESTS, METHODS, AND OPERATION 

The tests condurted on each of the 
tubes were d,v,ded mto two groups The first 
group embraces the static characterlsttcs. 
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phosphor decay, and brightness The second 
groupmcludes wsual observations of relative 
brightness. target signal trails. resolution, 
and eye fat,gue The performance of each 
tube is compared with that of a standard 
12DP7 tube 

The relative phosphor decay character- 
IstIcs were measured m a dark r”“m usmg 
a Weston Model 856 Photromc cell with a 
msual correct,on filter Th,s cell was taped 
to the face of the tube bemg tested The cell 
was tcrmlnated by a resistance of proper 
value to provide adequate sensltlvlty and 
good Imearlty over the required range of 
light lebels The output sIgna from the cell 
was ampllfled by a high-gam, lmear. direct- 
current (d-c) ampllfler and applied to the 
vertical deflcctxon plates of an “sc~lloscope 
A lmear 30-second sweep was applied to the 
hormontal deflectIon plates 

In this manner, an accurate plot of the 
light output versus time was obtamed durmg 
the first thirty seconds after removal of the 
excitation The cathode-ray tube under test 
was scanned with a raster approxunately 
seven centnneters square The raster was 
contmuously scanned at a televmlon rate for 
a p?rlod of not less than five seconds prior 
to decay measurements Swltchlng was 
prowded to start the oscilloscope sweep 
comcldent with removal of screen excltatlon 
The resultmg decay measurements, taken 
directly from photographs “fthe asc~llosc”pe. 
were recorded and compared with the manu- 
facturers’ data The decay curves for the 
P7 and the DuMont PAC tubes are shown m 
Fig 1 During these tests It was found that 
the tube of the Vacuum Tube Products Com- 
pany, hereafter ldentlfied as VTP, did not 
pravlde sufflclent light output to permit 
accurate measurements In v,ew of the fact 
that the light output was very low compared 
to the P7 and th? DuMant PAC tubes. no decay 
curve for this tube 1s shown The decay 1s. 
for all practical purposes lmpar after 
approxmnately three seconds The relative 
brightness of each of the tubes at any given 
tmne LS also mdlcated m this figure Each 
tube was operated at the voltages and the 
condltlons recommended by the manufacturer 

The second group of tests conslsted of 
mstalhng the tubes m a radar PPl and of 
observmg the performance under typlcal 
operatmg condltlons Each of the three tubes 
was operated at the manufacturer’s recom- 
mended values, adjusted for visual extmctlon 
m the absence of any signal, and adlusted for 
“ptlmum focus with normal signals Obser- 
vatlons wire based “n the normal range of 
signal levels with the maximum level Just 
below the bloommg or defocusmg pomt The 
antenna scan rate employed was 15 revolutions 

Fig 1 Decay Curves After Contmuous 
Pulsing 

per rmnute (rpm) A far cross sectIon of 
alrcraft speeds and maneuvers was observed 
by several who are famlhar with both radar 
PPI displays and operatIona requirements 
The nature of these “bservatlans was such 
that the resultant mformatlon 1s largely 
subJect,ve For example. the response of the 
average human eye to th? color response of 
the magnesium fluoride tubes 1s less than It 
1s to the predommantly yellow color of the 
12DP7 tube. when the absolute hght levels 
are the same The peak color response of 
the three tubes 1s Ind,cated in F’lg 2 on the 

F1g 2 SpectralResponse of ScreenPhosphor 



Fig 3 Clrcuxtry for ProtectIon of Magnesium Fluoride Tubes 

curve of the relative spectral sensltlvlty of 
the human eye 

The chemical composltlon of the screen 
coatmg of the magnesium fluoride tubes IS 
such that It will deteriorate rapldly If the 
excltmg electron beam IS not contmuously in 
motion or If It IS allowed to scan a radial 
lme for more than a few seconds This con- 
dltlon exists on radar PPI displays when the 
radar antenna stops or when deflectIon ofthe 
beam IS lost because of failure of the trigger 
pulse This disadvantage may be ellmmated 
by provldlng suItable protectlon clrcults m 
the PPI, such as the clrcult shown I,, Fig 3 
The clrcult 15 essentially fall-safe smce 
failure of the protectIon clrcult Itself ~111 
prevent aperatIon of the display tube The 
clrcult was mcorporated in the PPI used for 
these tests It 1s simple m nature and may 
be easily added to most PPI displays cur- 
rently m use No evidence of deterloratlon 
due to wrltlng such repetltlve signals as 
range marks has been observed m 
approximately 300 hours of operation 

TEST RESULTS 

In Fig 1 it ~11 be noted that these 
curves donat lndlcate the relative light output 
of the P7 and PAC tubes at or lmmedlately 
following removal of excltatlon The slope of 
the decay curves durmg the first three sec- 
onds after removal of excltatlon 1s pr~marlly 
d< p’ ndent on the acceleration voltage and the 

degree of excltatlon Fig 2 mdlcates that 
the average human eye has approximately 
56 per cent as much response to the peak 
wavelength of the DuMont PAC tube as It has 
to the peak of the 12DP7 output Slmllarly, 
the eye IS approximately 70 per cent as sen- 
slt,ve to the peak output of the VTP tube as 
It 15 to the 12DP7 The effective light output 
of the magnesium phosphors may be raised 
somewhat by mcreasmg the excltatlon by 
addItIona drive and acceleration voltage, 
thus partially equalxzmg the loss of eye sen- 
sltlvlty to the higher wavelength It should 
further be noted that no filter 1s required 
over the face of the magnesium phosphor 
tubes to filter out the mltlal flash, as IS re- 
quired with the P7 tubes The use of a yellow 
or amber filter over the face of a P7 tube 
reduces the yellow hght reachmg the ob- 
server’s eye by an attenuation factor of 
approximately two to three dependmg on the 
passband of the filter and Its thickness 
Observation of the display on the DuMont 
PAC tube wlthout a filter and the P7 tube 
with a yellow filter under the mdlcated 
operatmg condltlons mdlcates that the PAC 
tube provides a slightly brighter display 

Durmg the testmg of the VTP tube, It 
was found that the light output appeared 
exceptIonally low durmg the decay Interval 
This condltlon may be due to the wavelength 
of the light durmg the decay perlad Ralsmg 
the anode voltage from 10 to approximately 
14 kllovolts did not appreciably mcrease the 
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TABLE I 

RELATIVE PERFORMANCE OF CATHODE-RAY TUBES 

12DP7 PAC VTP 

Relative brightness 
(filter on P7 only) 

Good Good 

Target tra,l length 
(60-mile sweep. 15-rpm scan, 
prf 1400 pps, 1 O-mxrosecond 
pulse) 

8 scans 30 scans 

P00r 

4 scans 

Apparent contrast 

Resolutlo” 

Eye fatigue 

Good 

Good 

LOW 

Very good 

Good 

very low 

P00r 

Good 

High 

apparent light output and required a large 
increase I” deflectlo” power to deflect the 
beam to the edge of the tube face ?he design 
of the PAC tube ,s such that postdeflectwn 
acceleratmn techniques are utlhzed. thus 
perm,ttl”g the appllcatmn of higher accelera- 
t,o” voltages wlthout requrlng a” increase 
1” deflectmn power cwer that requred by 
12DP7 tubes owrated at awxox1matelv lo 
kilovolts . 

_- 

The DuMont PAC tube. when onerated 
I” a PPI wxth normal radar signals. piovlded 
approx,mately four times the target trail 
length attamable from the P7 tube The VTP 
tube dIsplayed trails only about one-half 
the length of those of the P7 tube There 
was no great difference in the performance 
of any of the tubes with respect to contrast 
or resolutmn, largely because of the mode 
of operatro” A theoretlcal advantage exists 
I” the PAC tube over the P7 type, I” that the 
magnes,um fluor,de tube has a smgle-layer 
screen coating while the P7 type has a 
cascaded screen The cascaded screen 1s 
much more susceptible to halatmn effects on 
strong signals than a smgle-layer screen 
It 1s doubtful If th,s 1s of great s.gnlficance 
I” PPI apphcatmns because a radar with a 
one-m,croseco”d pulse 1s not capable of 
provldmg better range resolutmn than that 
provided by the diameter of the display-tube 
spot. except at target ranges of less than 
approx,mately 13 miles with a ZO-mile sweep 
range and then only after careful adJustment 
of focus and other operatmg condltlons 
Some advantage m,ght be reahzed mthe case 
of PPI approaches where very strong signals 
are encountered 

The relative performance of the three 
tubes 1s summarleed I” Table I The 

adJectlves which are used mdlcate relative 
performance between tubes and do not nnply 
satisfactory or unsatisfactory performance 
I” reference to other tubes or operatIona 
requrements 

The eye-fatigue factor 1s based on 
prolonged vxwlng I” a reasonably well- 
darkened room, which 1s a” operational 
reqlnrement for a PPI l”stallatlo” ConsId- 
erat,o” was give” to the effort required to 
determine target track, headmg. and other 
operatmnal “lewlng requirements Target 
tra,l length 1s based on saturatmg video 
signals at random target velocltles and 
headmgs Swtchmg of sweep ranges durmg 
the tests revealed that target trails displayed 
prmr to sw,tch,“g were retamed for about two 
minutes under certam condltmns. and under 
cond,tm”s of heavy traffflc. they cluttered the 
d,splay rather badly ‘I-ms condltlon exists to 
a lesser degree with P7 tubes but becomes 
more objectmnable with longer persistence Of 
target tra11s 

Althoueh the PAC tube has been werated 
for approx&ately 300 hours under normal 
operating condltvans. It 1s suspected that Its 
useful life ~111 be somewhat less than that of 
a P7 type of tube because of Its susceptlblllty 
to burnmg. however. no burnmg or evidence 
of determratlon has been detected onthe tube 
durmg the testing permd Operatmn of sev- 
era1 of these tubes over a” extended period 
~111 be requred to establish the useful hfe 

CONCLUSIONS 

It ,s bel,eved that the PAC tube offers 
several operatmnal advantages over the P7 
tube ,f the ope rat, ““al requirement for 
longer persstence IS v&d If higher anode 
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voltages are avaIlable for the PAC tube, a 
slight gam III display brightness may be 
realleed over that obtamed from a P7 tube 
with a yellow or amber filter In addltlon. 
an apparent improvement L* visual contrast 
exists because of the difference III color 
The PAC tube ~~11 operate satlsfactorlly w,th 
maxImum anode potentials of approximately 
ten kIlovolts wlthcut any modlflcatron of 
ASR-1 and ASR-2 radar mdlcator clrcmts, 
except for the addltmn of sultable protective 
clrcults which are essential to reasonable 
tube lrfe 

It 1s recommended that the tube be 
mstalled I” a PPI at several commlssmned 
radar facllltles and gxven a more thorough 
operatmnal evaluatmn to determme whether 
the long persistence of trals after range 
swtchmg 1s a serious disadvantage Valuable 
mformatlon relative to the tube life would be 
obtalned simultaneously The advlsablllty of 
replacmg all currently used 12DP7 and lOKP7 
display tubes with the PAC tubes 1s not JUS- 

tlfled unt,l an operatmnal evaluatmn under 
typlcal and practxal operatmg condltrons IS 
completed 


