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ML-8087 

SCAN-CONVERSION STQRAGE TUBE 

DESCRIPTION: 

The ML-8087 is a precisely constructed, dual-gun, electrical-signal-storage 
tube with a semiconductive storage medium. This tube is capable of receiving 
an electrical input of one scanning mode, holding or storing this information 
for various periods, and then generating a separate electrical output in the 
same or any other desired scanaing mode during which time stored information 
is gradually erased. 

Use of the ML-8087 for scan conversion or electrical-signal storage aas oeen 
found to provide the following advantages: 

1. 
. 2. 
3. 
4. 
5. 
6. 
7. 
8. 

9. 
10. 

High resolution (170 range rings/diameter or 680 TV lines) 
Fast erase cycle (2 seconds maximum) 
Gray levels or half-tones comparable to TV presentation 
Wide storage range ' 
High signal/noise ratio (15:1 to 80:1) 
Rapid installation (mounting and adjustment accomplished i « few inutes) 

- Qverall uniformity of display 
'Need for critical dynamic focusing of electron guns minimizew 
No need for spurious signal cancellation (no "crosstalk') 
Fast writing speed (TV scanning rates or better) 

Various possible applications of this tube are suggested by the following: 

1. 

2. 

3. 

4. 

In air traffic control, use of the tube permits display of aircraft 
positions as a bright, flicker-free trace, with a fading trail indicating 
relative speed and direction. 

The tube can be used to convert TV programs or TV video tape from one set 
of standards to another =-— for example, from British to U. S. scanning 
rates. 

The storage ability and flexibility of the tube permit improved sonar 
displays. . ‘ ’ 

By integrating a weak video signal over a number of ‘scans, signal/noise 
ratios are improved and contrast enhanced. ' 
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5. Three scan-converter tubes can be used to store three separate colors. . 
Color of display portions, read on a color TV tube, permits identification 
of an additional parameter, such as the altitude of an aircraft. 

6. In signal simulation eéuxpmenc, the tube permits changing analogue 
information on a fixed time base to a variable time base with or without 

a controllable delay. 

7. Video or informational bandwith can be compressed by reading with a slow 
spiral scan, a slow TV-raster scan, or by a reduced sampling scan. Con=- 
versely, low frame-rate information can be converted into a flicker-free 
visual display by more rapid scanning. 

The ML-8087 is an improved version of the TMA-403X, a storage tube of proven 
reliability. A new read gun, new storage electrode and new shading electrode 

permit higher resolution, faster erasing, decreased shading, and elimination of 
the need for spurious signal cancellation. 

" The tube uses only one magnetic deflection yoke and no extermal focus coils. 
This simplifies installation, since proper performance does not depend on the 
precise alignment of the tube with respect to extermal circuit elements. The 
deflection system of the tube is very flexible with respect to the-types of scan 
employed. Off-centering of the write-or read-gun scan can be easily accomplished. 
The read gun can be scanned over only a portion of the written storage surface 
for partial read-out or erasure. : 

The writing operation in the tube utilizes bombardment-induced conductivity 
instead of secondary emission of the storage target. The resultant high writing 
speed minimizes delay after an erasure and permits inputs of very fast sweep 
rates. 

A wide storage range (see Fig. 1) can be obtained by adjuétmenc of a single 
control to vary collector electrode voltage. 

This tube has been designed to meet applicable FAA specifications and sections 
of Military Specification MIL-E-1l pertaining to storage and cathode ray tubes. 

PRINCIPLES OF OPERATION 

Schematic Construction: 

. Figure 2 illustrates schematically the arrangement of electrodes within the 
tube. Symbols used to identify components are in accordance with JEDEC publi- 
cation No. 33 in which the prefix 'w' denotes a component in the write-gun 
section and the prefix "r' a component in the read-gun section. The letter ''g" 
denotes a grid or anode, "h'" a heater, "k" a cathode, and 'D'" a deflection 
plate. Table I identifies each electrode with reference to the symbol used and 
pin connection. 

Write=Cun Section: The write gun is designed to focus a very-high-velocity 
electron beam on any point of the backing electrode (be). It consists of 
electrodes wh, wk, and wgl to wg5. 
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-gggfifggg_gqggiqg: The read gun is designed to focus a medium-velocity electron 
beam on any point of the storage surface (ss). It consists of electrodes.rh, 
rk, rgl to rg?, and rDl to rD4. 

Storage Section: The storage section consists of electrodes ce, se, ss and be. 
The storage electrode consists of a very thin sheet of metal, the backing 
electrode (be), upon which is coated a semi-conducting material the surface 
of which is known as the storage surface (ss). This material has characteristics 
such that when struck by a medium-velocity electron beam, its secondary emission 
ratio is greater than one {the number of secondary electrons leaving the die- 
lectric are greater than the number landing); any point on the storage surface 
(ss) can thus be positively charged with respect to backing clectrode (be). 
When a point on the dielectric material is struck by a very-high-velocity 
electron beam, 'charge carriers' are created within the dielectric and decrease 
the charge on the storage surface at that point. For the purpose of under- 
standing operation, the storage electrode can be considered as a planar array 
of minute, discrete conductive areas (ss), each capacitively coupled with the 
backing electrode (be). The collector electrode (ce) collects electrons emitted 
by the storage surface. The corrector electrode, or "shading" electrode (se), 
corrects the field along the periphery of the storage surface to permit uniform 
collection of secondary electrons. 

Automatic Priming Operation: 

Prior to writing, the storage surface (ss) is uniformly charged to a positive 
-potential with respect to the backing electrode. This is called "priming' and 
is accomplished as the backing electrode is at zero potential and the storage 
surface is scanned by the read-gun, operation of which will be described sub- 
sequently. The priming operation charges the storage surface to approximately 
the same potential as the collector electrode (ce). Erasing operations, 
described in later paragraphs, also prime the storage target. 

Writing Operation: 

Due to the high writc-gun cathode potential, about -8kV, and conscquent high 
electron velocity, the storage surface tends to be discharged at any poiant 
which is struck by the write-gun beam. The electron velocity is sufficient for 
electrons to penetrate the metal backing electrode and enter the semiconductive 
coating. The unperforated backing electrode, as compared to the mesh-type 
backing electrodes, does, however, minimizes the transmission of write-gun 
electrons through the dielectric to the storage surface, where they would othere~ 
wise be picked up as a spurious signal by the read gun. The write-gun beam 
density can be modulated in accordance with electrical information input to 
the cathode (wk) or control grid (wgl) (see Fig. 3). At the same time, the 
beam can be scanned across the backing electrode under control of the deflection - 
coil. Thus, an image can be established by the write gun in the form of a 
pattern of varying charges on the storage surface: fully charged, most positive,: 
surfaces corresponding to "black' unwritten points; fully discharged, near 0- 
volt, surfaces corresponding to '"white'" written points; and areas charged to 
intermediate, less positive, potentials corresponding to various shades of 
grey, or half tones. The amplitude of the charge at any point, and consequently 
the amplitude of any etored gignal, is primarily dependent on the write-gun 
beam current but also dependent on more fixed factors such as electron velocity, 

scanning speed and pulse repetition rates. 
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Reading Operation 

The read-gun beam can be deflected to impinge upon any point of the storage 

surface (ss) by means of the deflection plates (rDl, rD2, rD3, rD4). Due to 
the relatively lower velocity of recad-gun electrons as compared to the write 
gun, conductivity is not induced at points struck by the beam, but the number 
of secondary electrons emitted from the storage surface is greater than the 
number landing. When the read-gun beam impinges upon a point which was 
previously written, and consequently negative with respect to the collector 
electrode (ce), the read beam tends to recharge it; electrons which are emitted 
from the storage surface are collected at the more positive collector electrode. 
This flow of electrons constitutes the output signal. When the read beam 

impinges upon amn unwritten point, which is consequently ‘at approximately the 

same potential as the collector electrode, electron flow to the collector is 
small and a minimum output signal is obtained. 

The time necessary for recharging any storage surface point back to the po- 
tential of the collector varies inversely with read-gun beam current and 
directly with collector electrode voltage. The time during which an image is 
stored is therefore dependent upon these parameters (see Fig. 1). It will be 
noted that the reading gun serves also to erase the stored image. 

Simultaneous Reading and Writing 

Both guns are usually eperated at the same time. Reading increases storage- 
surface potentials while writing decreases storage-surface potentials. Since, 
the read gun normally charges the surface at a slower rate than the write gun 
discharges it, written points remain visible as long as the write-gun beam 
impinges upon that point. When the write-gun beam moves, it will, however, 
leave a gradually fading trail. 

Erasing Operation 

Erasing of stored information is accomplished by charging all portions of the 
storage surface to a uniform positive potential with respect to the backing 
electrode. This occurs during normal scanning of the read gun as described 
previously. By read-gun scanning of only a portion of the storage surface, 
only that portion of stored information will be erased. Erasure leaves the 
storage surface primed, ready for another writing operation. 

Since the rate at which the storage surface is charged by the read gun, and 
consequently the rate of erasure, 1s directly proportional to the read-beam 
current, provisions are made to increase the read-beam current to obtain 
faster erasure as follows: 

During normal reading, the erase-focus anode (rg3) is at the same potential as 
accelerating anodes (rg2, rg4, rg5 and rg7) in order to obtain a beam of uniform 
density suitable for collimation. A large number of electrons (up to 95%) are ‘inter- 
cepted by the collimating iris of anode (rgé), and the main-focus anode (rgé) 
is adjusted to obtain a very fine spot for high-resolution reading. During a 
fast-erase cycle, erase-focus anode (rg3) voltage is adjusted to focus electrons 
at the aperture of the iris of anode (rg4) so that almost all read-beam electrons 
pass through. This produces a somewhat larger spot at the storage surface. The 
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larger spot permits use of a still-higher beam current, which may be obtained, 

if needed, by raising the voltage of the read-gun control grid (rgl). The 
greater beam current recharges the negative portions of the storage surface 
more quickly and thus increases the rate of erasure. The maximum erase current 
is limited by the heat dissipating ability of the storage surface. 

‘During the fast-erase cycle, the voltage of the backing electrode is switched 
in succession to +100 volts for onc second, to =100 volts for one second and 
then to nommal ground potential. Since the storage surface is capacitively 

coupled with the backing electrode, its potential will follow that of the 
backing electrode. During the cycle, additional current will flow from the 
storage surface to the collector. In addition, at the higher voltages , the 
dielectric material of the storage electrode becomes conductive. The net 
effect of the cycling operation is to obtain more complete erasure by bringing 
all points on the storage surface to a more uniform potential. This cycling 
procedure also increases the rate of erasure by itself, without any increase 
in beam current. 

PERFORMANCE 

-— e e e e — g mmm e - — 

Resolution with 50% Amplitude Modulation (#l)f ) 
Range Rings per Dimeter.itl..iil'...l.......'..'.....lII.I..... 170 

Equivalent TV Lines per Diameler..cescecsscsvcovesseccscscscasce 680 

Storage Time: 

Read Gun Not Operatingescecseescececsesseesosstcacescsscncnes Several days 
Read Gun Operacing. ® 0 99D EQOS P PO SV OROER PSS OPOR OGSO ROPBNOIR YD See Fig. 1 

Fast-Erase, maximum (#¥2)...cceeccccoscacscescssccnsccancans 2 sec 

Signal/Noise Mtio‘ (*3). *»¢o o0 anss e '.‘.......".A......‘ L 15:1 :o 80:1 

Signal/Shading Ratio, minimum: 
Over 90% of Storage sutface....................................o 5:1 

Over 100% of .‘?torage surface..................-....»-.-.v.......-o 3:1 

Signal/Backgiuuuw-shading Ratio, minimum: 
Over 90% of storage surfac@.cecssscecsseoscossnsscencavecsossnsse 10:1 
Over 100% of storage 8“rface.o.n.-o.--o-oo-noonn---oooolono--'ov 8:1 

Grey mvel Capabilities, Ei&ixfium‘.."....-........-....‘..'........ 5 

+ Notes on Performance 

$la. If resolution were to be measured with parallel written lines orthogonal 
to the reading raster, instead of with PPI range rings, the resolution 
figure would be in the order of 820 TV lines. 

#1b. Resolution is dependent upon the read-gun focusing-anode (rgé) voltage as 
shown in Figure 4. In order to obtain maximum resolution in the center 
as well as on the edges of the target, a dynamic focusing voltage should 
be superimposed on the d-c voltage of the read-gun focusing anode (rgé) 

in accordance with Figure S. 
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$+lc. To.minimize gun astigmatism, the voltage of both deflecting plates of 
each pair should be fed symmetrically with respect to the voltage of 
anodes rg2, rg4, rgS and rg?; i.e., the absolute values of deflecting 
plate voltages with respect to anode voltage should always be equal 
for each pair of plates (see Fig. 6). 

$#1d. The write gun operates at very high cathode voltage and consequently 

does not require dynamic focusing. 

$2. Using fast-erase technique, the amplitude of the stored information 
can be reduced from a level of 100% to 7% in less than 2 seconds. 
This is the same as the noise level in a 945-line TV system. During 
this procedure the following conditions prevail: 

Read-Beam Current, approXimate..cecececesccsssccsessseses 100 pA 
rg3 to rk Voltage...............u............... ‘190 to -230 Vdc 

be Voltage to Ground (in indicated order): 
FOT 1.0 S@Ceesncscssvcasosvassvsnsaasscerssssancsesvse +100 Vdc 
FOUr le0 SCCieevescracscscasasandnossnsssssnssanatnnsnne ’100 Vdc 

Then retum co.-..c-.0..o-ool..l....'.....l.c-.l.l.... 0 v 

$#3. Due to the homogeneous structure of the storage dielectric, the 
disturbance level is very low. 

GENERAL CHARACTERISTICS 

Electrical, Write-Gun Section 

Heater Volcage, AC or DC ({; 1) L L B B B N B BN BN BN B B O AN IR BN BE BN BN BN B IR N BN BE N ) 6. 3 i 10’/0 v 

Heater Currenc at 6. 3 volcs. ® S v ST OSSO ER OIS COS PO RONSS '. * e 0. 6 i 107‘ A 

Focus Method. ® e 8 ¢ 008 ov PP PFOOP SO ER RSOSSN SGE RO OISR Elec tros tatic 

Centering Methodieesseaaaran. sevsessesracasesssscssssseseBlectromagnetic 
Deflection Methodiseseesecvvencenecnsesssnnncnsascnsnsershlectromagnetic 
Total Deflection Angle) approximate........................--...-.. 30 deg 

Direct Interelectrode Capacitances: 
ng £O Wheeouuovenesaevsotnstssnssenssncsscasssssensnsssscsnesssnsass 3.5 pf 

wk to all other electrodes....................-..'....{...-..-... 500 pf 

ng to all other €lectrodeSesenesssacssnossroccnnsnsssssssasnanse 9.0 pf 

Electrical, Read-Gun Storage Sections 

Heater vo ltage, AC or DC ({;1) B O TSNP S0P eSO EPOER AR .‘. LI g 6. 3 i 10% v 

Heater Current af 6.3 VOltSeeeenereorvssvseentsscccrossseensss 0.6 + 10% A 
Focus Method. E IR B B B L O BN BN B EE BN BK AR L IR O A 2 * 6 0 % QG E BSOSO LSS PSSEDOSCOES Electros tatic 

Deflection Method..... tesesennssnsussssescansvassnsacesses Blectrostatic 
Total Deflection Angle, ApProXimAlLEiccececasasscsoscsssacncssnssscesan 30 deg 
Deflection Sensitivity in Volts Peak- 
to-Peak to Sweep a Major Diameter of Target (#2): 
Plates rDl and b 250 V/dia 

Plates ¥D3 and D4 ccesescsssosrcecsssvsntsacssannscnsssssnssnsosse 315 V/dia 
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Direct Interelectrode Capacitances: 

rDl tO rDz-o.-ono--l‘nco.-.n.-o'-oo‘Ooo.o-.o'lol.on-....c.ol.‘l... 12. 

I'Da tO rD4;-u-nol'looh-oao..-o-0-0.0.n..C-0.l.‘l.'.u-..'.l..l..‘.. 12 

rgl to rkl.'.lll.'ll.'.......l0..OIO'l..l.-.'....'...I.......‘.I.. 2.5 

rk to all other electrodes................-.....................- 7.0 

rgl to all other electrodes..........-.......-............-.-..-. 10.5 

ce to all other electrOdeSeeecv errssccrassasssenseonssssssssssns 26 

Mechanical 

Mounting Position (#3)e.essrriereeresnersescnncsssassosncssesnsness ANy 
DimMenSIONS i cevosstsssesesnassssasansonnscscssnssnsansorsncsess S€€ Figs, 7 
Pin CoNNecLionSescescaerornsosesassessscsnsnscsnssasesssessesesse S€€ Fige 8 
Useful Storage Surface Diameterl.us-cccevvacnsenosctsoasvesscnocnces 2.0 
Deflection Coil Inside Diameter, minimum...ssceesacecscsvecncasce 2.087 
Bases: 

Awrite gun ..... E K I T B B RCNE BN N BE R RE NN OBY RN N N NECRE N B BE B NLONCRC R R RN BE NN BN W BT A B BN W N JEDEC B12-131 

Read gun -------- $ 4 TSN U NI R IERsSOEIPIERSIIEPREGCGBREEDIIRRES JEDEC Bl&‘38 

Recessed small ball CapSeseesccesacocscncecaccccscnssse JEDEC J1-22 
Shielding Required: (#4): 

ReAd GUNecervecossonscssassscoescnsncnsesssscsssssscscsscesess magnetic 
Storage SeCliONeccteseosavstorsassesarseavesonassssassesarnsssses light 

Weight, approximate....................-.....--.....}.......... 205 

# Notes on General Characteristics 

inches 

inches 

1bs 

#1. One end of the heater should be connected externally to its cathode. 
The heater power supply must be suitably insulated to withstand the 
cathode potential with respect to ground. 

#2. . See Note on Performance (%¥lc). 

#3. If it is necessary to operate the tube in vertical position, the 
write-gun end should be up. 

#4.  The read-gun end of the tube should be enclosed in triple layer mu- 
metal shielding approximately .60" thick which covers the read gun 
section and extends beyond the storage section. In addition, the 
same shield or a separate shield should be used to prevent light 
from reaching the semiconductive surface of the storage target, 
which is photosensitive. 

RATINGS 

— g dm g — e e w— — 

All voltages are referenced to ground except where indicated otherwise. 

Write Gun 

Wk VOltage.ceveevrcracsocssnssssccnsnsassssesnsccssssessnnssrsss =10000 Vdec 
wgl to wk Voltage (t1): 
Maximum............-....{....g-.........--..........,.-....... ~150 Vdc 

MiniMUMe sosnsctsccsnsscosnsvenncssssaccsssssctotosssctossacatenss 10 Vde 

wg2, wg3, Wg5 Voltage.csececassssesvsssesosssscscsesssnnosennss IR 
W84 to wk VQltage.f..Z..........-........--............-....-. 2.5 kaC 

Pcak Beam Current (T2)eessecncetctrensaesasstosssasccvcensanss 2 ua 
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Read Gfin 

rk Voltage..................-.{................-......-...-o.---. '1500 Vdc 

rgl to rk Voltage.........-.......--..........-.........-.--..... =150 Vvdc. 

rgZ rg4 rgs, rg7 Voltage...................................o... =100 Vde 

rg3 Voltage: 
For normal read beam-.........................-.q,...........-. -100 Vvdc 

FOr fASL @XASCessescssossosssassncasssvsssssesssssssvsscsssssss =1800 Vdc 
rg6 Voltage.................................-...'..........--.--. '1500 Vdc 

D1 to rD2 Voltage, peak to peak (t3)ecsccecssecsernsovacscsncsne 600 vde 
rD3 to rD4 Voltage, péak to peak (T3)seeecesscecsoccescascossones 600 vdc 
Peflk Beam Current (72)....................................o...... 250 Ha 

Storage Sectidén 

be Voltage: 
For normal read operatioN.ccuececesascersessssccssessnnnconcccassnaa ov 
For fast-erase OperatiONeccceccecsetscsssansssnccosscssssnssscssas +100 Vde 

ce Voltage.lI...‘.'.......I. IIIII P e S P PSP BB CRPSR SRR EPY RSSO SIPEa 50 vdc 

Se VOlCage.......--..-..a---.....-...-.....-...o-o-..-.o--oo-ooc--.- 30 Vdc 

Dynamic Output sigflal CUrrenitsoereostossessnacsoncsvosssesscssssssans 1.2 uA 

T Notes on Ratings 

tl. During initial applications of high voltage, the write-gun grid should 
be held at about -150 volts with respect to the write-gun cathode. A 
gradual rise in about 30 seconds is recommended to insure against grid 
decoupling effects. 

t2. It will be necessary to provide an automatic means of protection against 
sweep or bias failure so that the beams never remain stationary on any 
part of the storage surface. 

+3. See Note on Performance (¥lc). 

TYPICAL OPERATING CONDITIONS 

Al voltages are referenced to ground except where indicated otherwise. 
— e aie e —awn w— - eam amy v G G S G e e o —— 

‘"Write Gun 

wk Voltage..q...-ooo..-...o...-..-..........-..-.-.o.------....--o -8000 VdC 

wgl to wk Voltages (See Fig. 3) (*1): 
BiaS Voltage..............-..........-....-........-..-.. "70 to "110 vdc 

Cutoff Voltage.....................-..........-..--.-..-- ’80 to =110 Vdc 

wgz, wg3’ Wgs voltage.......l-...'........ S 0O O FSSE SIS OSSO SSSDS 0 v 

Wg4 Voltage (*2)00.0.!0....0!......00..!0...'l.l.'....’l..-sfioo to ’6400 Vdc 

Peak. Bem Current'...l SO BRGSO IPOCLEDORNCOENESIDNORESPIORRPOEREEDOS 0. 75 m 
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Read Gun 

rk Vo]_.tage........“...‘.......................n...-{..........a.. «1300 Vde 

rk Current: - 
‘ Por 1”An°mal read beam...._.......--.._...--...........o....... IIOuA 

For 100 ‘m fast-etase bem.......'l........'...'...‘..'......'... 225 M 

rgl to rk Voltage: 
For CUC‘Off-oono'-ot-n-......oc-oo-.-o-oooo.cotoo.-o.oooooo000000 -50 Vdc 

For 1 HA normal read beam....‘.....-..n-...;....-.....-......... '35 Vdc 

For IOOpAfast-erase bEaMeccnonetorsoscrecoscnsesscscnassaansasas =20 Vdc 

rgz’ rg4 rgs r87 vol:age.I'...'........'..'.........'........... .8 vdc 

rg3 Voltage: 
For normal read bemfl, voltage o groundto-ooo..n-ooéooa..occ.-o- -8 Vde 

For fast-erase beam, VOltage £O IKeecssoesessoscesessass =190 to =230 Vde 
rg6 to rk VOI.tage <*3)-.-..c.-...ooo-o.ocoooo-ooo.ooo-oa'o +250 to +350 Vde 

Average Beam Current: 
For normal read operation...-.....................-............. 1 pA 

For fast-erase operation........................’...-.....-..u.. 100 [.IA 

Storage Section 

be Voltage: 
For Normal read opetatlon.-......................n........... ov 

For Fast-erase pperation...........................-..-..--... '_H.OO Vdc 

ce Voltage....-......-..........-...............-..-.-....-...... 0 to 30 Vde 

se to ce VOltage (*4)-.0--_..-0000;-.a-ooo-t-.o-oo-ooooouonaccocoo 12 vde 

Dynamic Output Si.gnal Current........u_...,_.n.n.....n......... 006 M 

* Notes on Typi;al~ogg;atigg QOnditions 

%1, 

#2, 

*3, 

¥, 

" .Input video signals must be fed to wgl through a 10 kV capacitor. 

The write-gun focus anode voltage should be set at 70% to 80% of che 
cathode (wk) voltage. . 

Sece Note on Performance (¥1). 

The corrector electrode (se) voltage is adjusted with respect to the 
collector electrode (ce) to maximize the signal/disturbance ratio. 
The correct voltage is one which provides maximum ratios for a wide 
range of storage characteristics. 
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