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\ ABETRACT
\i i Confidentdal ]
d .

The Pruject Music radayx 18 a researcn equipment which
utilizes storage andcrousscorrelation techniques for cabziic.
10y phase-cohervnt sigrals in the presence of uoise. The
storage svstem embodied in the Music radar is used as a
delay device t¢ 8tore periodically for subsequent usy a copy
cf the transmitted signal. A circult was developed fur gen-
eraling a step-functivn voltage. properly stabilized, fur usc
at the target of the Radechon sforage tube in awitching from
a writing to a reading condition. An improved readout cir-
cuitry, for greater sunplicity and a further enhaneed cutput
signal-to-nouisc ratio, and an effective system for magnetic
and electrostatic shielding of the storage tvbe and its asso-
ciated circuitry were designed A preproduction Radechon
type C73404 wag obtairied and vsed in the sturage systemm
which was 1ncerporated 1t the Music equipment. A complete
storage system was developed and has been In use in the
Music radar system for several years. \

PROBLEM STATUS

This is an interim report un one phase of the problem;
wusrk 1s vonunwng on this and other phases.of the problem.

AUTHORIZATION
NRL Problem R0O2-17

Project NR 412.000, Task NR 412.006
MIPR 36-635-8-160-613%

Marnascript submatted May 14, 1959,
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THe 5TCRAGE SYSTEM 4R PRGILC T MURIC

Vrnanssinge il

NTRODUCTION

The vequirements of Pruject Music fivolved the deveopment « woias Fassvor
relaijon radar to be used Lo o rosearch equinmeant. The slorage equapiient incudes write
1n and readout clrcuitry, storage-tute target switching, and a readout signal angdion,
capable ol amplifying the desired sigznal whije at the <ame *Ime eifminating residual sai- -

ing transients due to {mperivel pulve matching in the target-swltching vircadt. The Rudeo:. .

barrier-grid sturage tubv was selecled as the storage elemen: tor the stwwrage svstem
developed for use in the Music radar. un the hasis of previous fnvestigations.”  The target
awitching circuitry and the meibved of Wbtabniag a useful, trenstent-irce, am p“ﬂcd read.ut
signal were developed for Investigations conducted on a stmulated radar systere. ¥ The s
approaches to the radar application of the Radecacn have been improved aid simplifieds
and are the basis of this discusature.

The Music radar requires the sierage, or rewention, of a copy of the transmitted rt
burst which {s vbtained {rum the i-1 of & maniter receiver This stored information is
later played back, or read out, and mized with the echo-return signal from a maln receiver
channel. Only one copy of the stored signal is reauired, although more can be providud.

No frequency transiation is required, alnce the cutpwt signdd [regoency (s the sane as t6g
$nput frequency. .

THEOKY OF QRERATIUS

Storage delay. or the subseyuent reading out of previonsly wyitten material, as fn .-
porated into the Music stotage. crosscurreiation radar, reguaires the writliy, o7 stofdie,
of a 250- ysec pulse of 4 458-w rf frequency. Then, a! 8ome Prodeior miind L dater,
this stored infurmation is extracted, thus resulting .n a delay between the receplion and
ultimate vse of ihe 400-ke rf burst.

To Initiate the sequence of operations for storing the signal, the target plate of the
storage tube must be made approximately 50 volis more postiive than the barrier grid.
While the target 18 in this condition, the signal is appiied 10 the storage-tube control grid.
In order to renl, or extract, the signal from the target, the target plate is switched to a

. puicutial eyual to the barrier-grid potentind. The read-write gate fubes that accomplish
the plate-to-barrier-grid potential swiichlny also iniroduce posaible gate-puler {wedthrough
irhm tmperiectly balanced switching tubes, as well as transient sptkes from the actaa}
&% ng operation. The transients and unbalance would be subject tu amplification th a
conve:-.!'ona.l amplifier, along with the deaired amplificatior of the readout siganal. These
transients and the pulse urbiziance must be eil:ninated, so that only the desired signal
undergoes {ull amplification. The use of clamps on the signal~-ampliier chain which are
contrelied by pulses, variable in both width and delay, the use of tuned amplifiers, and the

*C. L. Uniacke and G. K. Jensen, "An Investigation cof the Ridechon Storage Tube,®
NRL Report 5201 {Confidential Report, Unciasaitied Title;, Aug. 8, 1958,

TC. L, Uniacke and G. K. Jensen, “A Freguency Trarslation and Storage System Utilizing
the Radechon Storags Tube,” NRL Report 5238 {Corfidential Renort, Unclassified Tu;é)
Dec, 18, 1958,
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use of voltage requlatiun at the read-writc wate effectively eliminated the transients and
the effects of gate -pulse unbalante. The signal vatput is clean, transient-free, and suftabie
fur subsequent use In the radar sysici. ’

DESCRIPTION UF THE SYSTEM

The sturage sysiem developed and installed 1w nab nf the Mocas modos 1o o o8
studies conducted previcusiy.! The stwrage tube used in the present syste:: as 2 Jelay
*lement ts a commercial, preproduction version of the handmade laburatory modeds of the
Radechon employed in previvus study systems. This model. huwown as the type C73404, is
physlca'!v ynlike either type STE-B or STE-C. Eleciricaliy, this newer tuge 1s somswhat
similar to the type STE-C. A photograph of the RHadechon type CT5404 may Le seen in

Fig. i.

F.g. 1 - Radechon sturage tabe, type C72404

Operation o! the Swurage Unit

The block dlagram shown in Flg 2 represents the circalt comprising the storage unit.
The sturage tube {8 weing used in this equipiment as a »ingle-copy device, so the beam cur-
rent is adjusted for cumplete erasure of the target after one complete reading scan. A
252- usec signal burst of 400-ke rf is Impressed on the storage-tube control grid at the
g8zme (me the T portion of the -G(T+R) {ur “transmit™ and “receive”) unblanklag pulse
gitea on the electron beam. At this same time, the read-write gate tubes are swltched
10 i walting condjilun by a +T pulse of Z50-psec duration. ‘the elecuruu beam s intensity
modulated by the 400-k¢ signal contatned in the 250- nsec burst, and this Intensity modu-
lation is depusited on the sturage-wube target dl-lectric as elementai charges. The rotal
scan duration for writlng 1s alsuv 250 psec, but the sweep Is composed of itve lines of
50 1pec each, to pruvide a sulficient number of elements fos adequate resolution of the
signal. Flgure 3 lllustrates schematfcally the 400-ke driver used to intensity modulate
the Radechon control grid, the two sets of push-pull sweep ampliflers, the Radcchon, and
the element vollage-supply bleeder for the Radechon. Figure 4 showy the pulse -shaping,
targei-switching, and vouliage-regulating circultry comprising the balarced read-write
gate. The pulse shapers are used to sharpen the rise and fall times of the +T pulse, to

permit matching the pulses as perfectly as pussible, in order to minimize output transients.

Tria,
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treselore the plate

Gate-pulse {eedthrough to the oetput inusi be kept to a minmun:
o anied puites

currents of the "wo gate tuin s are balanved as closely as possthic.
in the output of the read-writc gate can disdi-le the readvet amplifier
ing of the input coupling condensers. Ewplovinent of tuned amplifiers {per: a-sible enly
becavee narrow signal badwldths were sufitcient) and positive and negative seltase Tega-
Jation at the read-writv gate made pussible the v ilminativn of the {eedback-Lias stuiiiizu-
tion iocop furmerly used. Two condftfons must be met {or 1he writine aperation  Fires
puint B must remain at ground potential to eliminate gate puloes (0
the clemped readset ampltfier, and second, a potential of BU volrs & =g Y
between puint 4 and point B across the 1.0-k 1 :sistor. The read-write Falan-cn - ave
tubes are normaily in & cutoff condition and are driven to conduction by e « T puise
resultant current flow causes a 50 -yolt drop across the 1.0-k realstor, theicuy nrdhi e
e target plate of the storage tuhe 50 volts more positt e than the varvier grid  Th
intensity modulation of the electron beam which has been svit-led on by the -GiT-R)
unbla.king puise can now deposit cnarges as stured signal on the mica dielectric cotin
prising the storage surfave.

The change to 2 reading rondition {s accompitshed by the +T pulse dropplng -t ars
leaving the balanced read-write gate wubes in & cutoff, nuncunducting condition; this
removes the 50-valt de potential between target plate and barrier grid. The beam i»
turned on again by the -G{T+R) uavlankiag pulse, and the target is once agaln scinned oy
the five-nice sweep along the exact paii taken by the writing 5wrep. 1ne charges sorcd
on the mica didlectric during writing now modulate the secondary-ejectron tlow releacea
by the reading beam. This mudwation {8 then removed from the target as readout - gnai.
now delayed {rom-the writing signal by the t*me diiferunce between the T and R pulses.
This signal 1s now avaliable tor turther processing. The balanced read- write gate must
mee! twe requirements for reading opsrativn of the storage unit. First, the target-plate
potential must be claiaped to the barrier grid, and second, point A and poinc B must L.
isolated and have minimum capacity to ground, since the frequency response of the outgut
circuits could be reduced serivusly by excessive capacity at this potint.

The Radecin storage unit 18 shown in ¥ig. 5, which shuws the availavle frost con-
trols and metering, ana in Fig. 6, which sBhows a rear view of the uiit. Note the Radecnan
shield. This shield is essential {n urder to elfminate magnetic and electrosiati~ {nter-
ference. ‘lhe huse, ur gun, end of the tube i5 at the right, and the target s at the left,
both are carefully shielded. Circult connections to the base and target are alsu eifectively
shielded. Additional shielding 15 contained within the vertica! chassis at either ena of U
taain tube shield, and full use ie made of the internai shleld within the Radechon to leolate
the input signals from the output signals.

Figure 7 16 « phutograph of the swee): waveforms applied to the storage-tube push-
pull deflection amplifiers. The waveiorms shown result {n the five-line presentation
shown in Fig. 8.

Operation of the Readout Unit

The readout unit (Fig. 9} can be considered as being composed of three sections.
Theae are the ampiificaiiun chain, the diode clumps, with thelr pulse dilvers and phase
inverters, and the delay and gate-pulse gencrators. The amplification chain consists of
two tuned 400-kc amplifiers, foliowed by tao cathede followers. The tuned amplificss
provide gain, and thelr limited bandwidth, sufficiert only to pass the rf-burst spectrum,
minlmizes storage-tube noise. Three diode clamps, the gecond section, are used in the
readout amplifier and are placed as shown in the schematic diagram of Fig. 10. The
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Fig. 4 - Schematic of pulse shapers and reau-write gate

diodes are gated by pulses from their respective phase inveriers which, in wrn, sre drives

from a gale pulee generated in the thicd section of the readout amplifier vnii.

The signas rrom the storage unit 1s suite low Iln amplitude and 1s oracketed by tran
sivme whirh renuit {vom the switching ol and ¢on of the +T pulse. Thest G ansicnts may
be accompanies by ¢ slignt unialaace in the read-urite gate pulse showing in the vutput.
These traasients and the unbalance may introduce ringing at the output of the second
amplificr stage uf sulficient amypiltude to be vadesirable. The diode c¢iamps appiled to
the signal at and ziter the iirst amplifier stage clamp and virtually elimina‘e all ringing
due ro transients ars unbalance o babe-line level. The delay generator and gate-pulse
generator shown In #g. 11 proyide tie means cf eliminating uncesired responses tefore
and after the readovt slgnal. The riag at the beginning of the signrl is eliminated by
varying t'ie delay ginerator to release the clamp just after the {irsi trassient, and the
stretebing of the slpnal at the @nd due to ringing 16 removed by varyirg the gate-pulse
width to anply the ¢.amp just before the second transfent. The photographs shown in
Figs. 12 ihzougir 15 lliusiraie ihe signal before storage, the signal after amplification
and clamping In the readout unit, an expanded view of this signal, showing its sinusoldal
nature, and finaily the signal after a succeeding tuned amplifier used to get addition’l
gain before further data procesaing in the radar. A schematic diagram of this final unit
is shown 1a Fig. 19.

Photographs wers taken showing the time relationships and wave shapes In the storage
and readout unita. Figure 17 shows, {rom top to bottom, (a) the writing signal from the
radar monitor recelver, (b) the Radechon vertical sweep, {(c) the Radect.rn horizontal
sweep, (d) the -G(T+R; unblunikiog signal applied to the storage tube cathode, and (e} the
final cutput signal after clamping and amplification in the readout unit. The se oscillcscupe
traces are not presenied to show amplitude relationghips, and it must be ro!nted ouf that
the lower trace ls offset due to the camera being repositioned. The signal pulse of the
lower trace shovld e positioned in time directly bepeath the R of the -G{T+R) pulse, or
the second pulse from the left in trace d, of the unblanking pulses. Figure 18 viows the
same Information, enlarged to show more pulse detail.
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Fig. 1] . Clampeq readout amplifier delay arg
Bate-pulge generatory, $chematsc

Fig. iz, Input signal ¢, Fig. 13 . Outpyt »ignal from,
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CONCLUSIONS

The purpose ol these investications was to develop circuitry for use with the Radechon

Mucic radar

barrier-grid storage tube to be incorporated in finalived form, into tha Projest Mucic
system. The readout circuitry used in the operationa! version was redesigned from that
reported previously.! Tuned amplifiers with simplified clamping resuited in the raductian
of the number of cne-shot maltivibrators used aa clamp-pulse gencrators, and their clamp-
tng circuite and alan sliminatad a high-naaa filter and ita Ariver The Aolay wna Acmizaed
to he variable continuously for further flexibility. The shielding, as developed, was feund
to be adequate in the presence of high-level signals.

Voltage regulation at the read- write gate was found to give satisfactory baseline stabi-
lization, and the delay function of the storage system performed in a highly satiafactory

- o by o0 S R T e ey o - ~ - e mesem o r. 11 N .
MaAARET. Tac hwproviments mantinnecd resultsd o an ¢ven inove {avui able vuipui signal-

to-noise ratio. The storage system described has been in aperation for more than three

years and has shown great reliability in its performance, and excellent stability also, as
+hown by the lack of adjustrient needed after approximately 3200 hours of operatizn.

Yl'bzd.
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