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I, INTRODUCTION

For some time a need has been felt for a dlsplay aimilar to
the Sage Situation Dlsplay which is controlled by some ceptral computer,
but which could be located at remote sltea auch as. radar ptations, alr
1nformat10n,vacqulait10n of new informatlon, or faster measage transfer
than can be handled with teletypeo Since the drive requlrements on the
Sage Dlaplay generator would make it 1mposalble to use the standard
Situation Display Console for such a purpose, three separate ‘proposals
were made as possible solutions for a new type of console to fulfill
this need. _

The first proposal suggests using a new type of dlsplay ‘tube
called a tono«-typotron° In this system the information would be s0
it can be used. As each bit of information arrives, it is 1mmediately
stored in the particular display register in which it is to be used, and
each character is displayed as soon as the complete information on that
partlcular character is assembled.

The second proposal involves the use of the same tono-typotron
used in proposal one, together with a two track memory. In this system
track information from the phone line would alternate between the A"
and "BY track memories, each being stored in #AM or ®BH while the pre-
ceding track is being displayed from #B" or "AM, Since the tube has a
finite storage time (adjustable to two mlnutes) each track would have to
. be rewritten at the end of the tube storage time either with the same

‘$ ~ information, or with any new information which the central computer

would have accumulated by that times

' The third proposal involves a console u51ng a standard Charactron
such as is used in the Situation Display Console together with a sixty-
four track memory. Telephone signals would be converted to standard
pulses and stored in the memory. The display logic would then sample the
memory and display any stored track information at a flicker-free rate.

With any of the proposals two types of format would be avallableo
The particular meaning of any format described may be changed at will
and the system discussed below is only meant to be. representative of
information which might be sent.

' The first format is the track message. This format may consist
of a vector symbol and twelve characters to supply course, speed, height,
identification, and additional track 1ni‘ormation° The vector symbol
consists of one of two direction symbols to indicate the general quadrant
of the track rather than a fully directional vector as used in the
Sltuatlon Tisplay. This is dome to conserve information bits in the
track message and to simplify the equipment in the console. The vector

symbol plus the location of the twelve characters with respect to the
vector symbol identify the particular quadrant in which the track is
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heading while two decimal digits glve the exact course to the nearest
ten degrees. Since the vector symbols have no amplitude indication,

two addition declmal digits are used to give the speed indication to
whatever scale is chosen. Several comstraints on the choice of charact-
ers in this message are necessary in order to be able to specify twelve
characters in the available fifty-one information bits for charaeter
selection, Thus the first character of course information is constrained
to the digits 0-3, the second course character to the digits 0-9; the
first character of speed information to the digits 0-7, the second speed
character to the digits 0-9, the first character of height information

to the digits 07, the second height character to the digits 0-9, and
‘the third and fourth track information characters to the digits 0-9., The
two identity characters and the first two track information characters
are constrained only by the sixty-four available charaeters on the matrix.

The second type of format available is the Data Message. This
format consists of eight characters which may be chosen arbitrarily from
the sixty-four ayailable characters on the display tube matrix. Two bits
of information, X and f permit the location of this format directly
under a track message at a given address so that these eight characters
may be appended to a track message for additional information on a given
track, or the data message may be used independently of any track message
to permit rapid information transmittal to the remote console. Figure 1
(8C821450) shows typical arrangements of these messages as well as the
charaeter matrix, the constrained character codes, and the arrangement
of the telephone message for Proposal one.

In buildlng Remote Display I the objective was to test out the
feasibility of using the tonmo-typotrom as a display tube, and to do this
as quickly and simply as possible. Since proposal one did not invelve
the use of any memory devices other than the usual display storage
registers, it was felt that this was probably the simplest system to
build. Figure 2 (AB6777) shows the resultant breadboarded versionm of
this system.

II. SYSTEM DESCRIPTION

- The information to be displayed on the Remote Display Console
has to be generated by some central computer such as WWI or the Sage
Computer. The information for any given message is then assembled by
the computer on its output buffer dyum as five seventeen-bit words in
the order shown in Figure 3 (SA86780). 4 dlgital data transmitter ‘takes
this information from the output buffer drum, mixes the data, timing, "
and synch 51gnals, modulates a 1.95 KC carrier with the composite signal
and transmits it over a telephone line. In removing the information from
the drum the DDT removes the first bit of each of the five words in sue-
cession, then the second bit of each word, and eontinues removing success-
ive bits of each of the five words until all seventeen bits of each word
have been transmitted. It will be noticed that the final five bits trans-
mitted are the parity bits on each of the five words. This fact will
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bring up a special problem in the present system which will be dlscussed
later. (For a more complete descrlptlon of the DDT see 6M;3h02,
"Digital Data Transmitter® by E. B, Glover.)

At the remote site of the display console the telephone message
enters a digital data receiver where the message is divided into its
three components: data, timing, and synch. At present a WWI DDR is being
used. This DDR presents the three components as 0.1 microsecond pulses
on three separate lines. (For a more complete description of this DDR
see 6M-3403 "Digital Data Receiver and Gap Filler Input Receiver® by
E. B. Glover.) The Bell Telephone System can also supply a DDR of its
own for the reception of digital data messages. This DDR again ‘supplies
the data, timing, and synch signals on three separate lines, but the form
of these signals dlffers from the WWI DDR. The timing signal is a con-
tanuous 1300 cps sine wave, and the data and synch signals consist of
one complete cycle of a 1300 cps sine wave (a dlpulse) for each nln of
the data and synch.

‘To make the output of the Bell DPR compatible to the Remote
TPisplay a special Data Conversion Receiver is included in the Remote
Display logiec. This DCR accepts the 1300 cps signals from the DDR and
produces the standard one microsecond pulses required for the Remote
Display logiec at each negative slope zero erossing of the sine wave.
Two different types of DCR eircuits are used. Since the timing signal
is a continuous 1300 eps wave, the timing dlpulse receiver contains a
resonant eircuit whieh will maintain the 1300 eps chain of one miero-
seecond pulses even if the inecoming signal fails momentarily due to line
transients. Figure L (sB 80939) is a cireuit diagram of this timing
dipulse receiver. The data and synch pulses however appear at 1rregu1ar,
or regular but not contlnuous, intervals and the resonant feature of the
‘timing dipulse receiver cammot be used for these lines. The Data Dipulse
Receiver therefore produces the standard output pulse only for definite
sinusoidal dipulses. Figure 5 (SB 80940) is ‘a circuit dlagram of this
data dipulse receiver.

It was mentioned that the WWI DDR output consisted of 0.l miero-
second pulses. These will not operate the Remote Display logic direetly
either and must be converted to the standard one mieroseeond pulses.
Since the Data Conversion Receiver is already required in the logie to
make the Bell TDR @ompatlble, and since a 0.1 microsecond to 1300 cps.
dipulse converter had previously been built to test the BCR, the output
of the WWI DDR is now put through the test converter to produce the same
type of output as the Bell DDR and then put through “the DCR to- produee
the required one mierosecond pulses, Although this is a rather yumbe;—
some procedure 1t did require a minimum development time. '

Figure 6 (C 8245L) is a bloek diagram of the internal logic of
the Remote Display I. The data, synch, and timing dipulses from the
DDR enter the DCR and are eonverted to “standard” one mierosecond pulses
on three separate lines. Four additional series of pulses are generated
in relatlan to the timing pulseso One line supplies a eontinuous string
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of one microsecond pulses ninety-six microseconds before the timing
‘pulses, a second line supplies pulses at forty-eight microseconds before
the timing pulses, a third line does so at twenty-four mieroseconds
before the timing pulses, and the fourth line does so forty-eight micro-
seconds after the timing pulses. These additional strings of pulses are
,'used to perform preparatory operations for the arrival of data pulses

. and consequent logieal ‘operations on the data pulses.

 The resultant pulses enter the timing counter and first level
decoder which keep track of the timing signals of any glven message. The
Ctiming counter is a seve fllpaflep index register wlth an elghth flipw
The outputs of the first four fllp-flops are deec ded to produce a gatlng
level on one of sixteen lines such that tlmlng pulse one produees a gat~
ing level on line one, timing pulse two on line two, and on to timing
.pulse sixteen on line sixteen. The cyele then keeps repeating with tim-
ing pulses seventeeng- thirty-three9 forty-nine, sixty-five, and eighty-one
producing gating levels on line one, and succeeding pulses in any group
of sixteen producing gating levels onesuaeeeding lines.

The outputs of the next three fllpsflops are decoded to produee
gating Tevels on three sets of five lines. These gating levels indicate
the particular group of sixteen lines whieh is being decoded at any
instant by the first four flip-flops. Thus the group of timing signals
from 1=16 result in a gating level on the first line of eaeh of the three
groups of five lines, the group from 17-32 on the seeond lineg and on to
the group from 81-96 on the fifth line. The gating levels of the first
group of five lines are present each time the proper count appears.
However the seeond and third groups of five lines are further gated by

- the eighth- flip-flop which indieates the type of message. Thus for a
track message the timing counts produce gating levels on the first and
seeond groups but not on the third, while for a data message ‘the timing
counts. produce gating levels on the first and third groups but not the-
seeond. By "AND"™ing one line from the first group of sixteen with one

-line from either of the groups of five, and with the data line, any
partieular serial data bit can be gated to set up any desired flip-flop

in the system. The timing ecounter is reset for eaech new message by the

synch pulse.

Con51der1ng ‘the order which ‘the Digital Data Transmitter removes
1nformat10n from the eomputer output ‘buffer drum, and the order in. which
‘the information is placed on the drum (see Figure 3 again), it will be
notieced that the "U" information is the first to arrive at a console
serially., This "U" information is used to address a given message to
some econscle., Thus these data bits are gated to four flip-flops in the
console identity bloek, and the result is compared to preset switches
in the console which identify the address of the console. If the "UR®
bits do not compare to the preset switches the timing counter is stopped

.' and no further aetion is taken until a syneh. pulse from a new message

'agaln presets the timing eounter. If the ®U® bits do @ompare with the
‘preset switches then the message is addressed to the given console and
the remainder of the message is permitted to take its course.
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v The. following six “L" bits will be necessaxy for memory address
information if proposal three is ever used but do not serve any special
purpose in proposal one where there is no memory to be addressed.

The following ™A" (alarm) bit can be used for setting of a visual or
audible alarm, or, in the cases that a charactron should be used in pro-
'posal one; to 1nten51fy an alarm track more brlghtlyo This information
is not used in the present system.

Follow1ng the LM and “A® bits are 51xteen ux® and “Y" bits
which are used to supply the magnetic deflection information. These bits
are gated to the magnetlc deflection storage reglster which in turn sets
up the magnetic deflection decoder to position the CRT beam to the posi-
tion of the track on the face of the tube. It will be noticed that the
#Y® and "Y® bits are mixed and appear serlally in deereasing order of
magnitude. This has been so arranged that the maximum deflection which
the magnetic deflection yoke will have to make appears as early as
possible to give the yoke a maximum time to settle to its final position.

The “ID" bit follows the magnetic deflection bits and is the
first indlcatlon as to the type of message arriving (uhether traek or
data message). This bit is gated to the elghth fllpwflop in the timing
counter and the 1nformat10n will govern whether the: remaining decoding
is to be for a data or track message.

If the message is a track message the next following bit to
arrive is the #V® bit which determines whiech of two vector symbols is to
be displayed. The #V® bit is gated to ‘the Character seleetion and eom-
pensation storage register together with a preset signal to set up ‘the
six flip-flops to the correet address of the vector symbol on the matrix.
The seope beam had previously been preset to the blank address on the
matrix so that no character was visible up to this time. Transferrlng
" the vector symbol address to the character selection display register
and into the character selection decoder now moves the beam to the vector
symbol desired and illuminates this symbol on the face of the tube at
the track address set into the magnetie defleetion decoder. The vector
symbol address must remain in the character selection dlsplay register
for at least two milliseconds to properly store the image on the face of
‘the tube. Mbanwhile the next two data bits to arrive determine the first
course character. These are gated to the character selection and compen-
sation storage: reglster together with the necessary preset signal to
enter the complete six bit address for the "By" character. dJust before
the first data bit of the next charaeter ("B,") arrives the required
two millisecond storage time of the "V® character will ‘have been com-
pleted and the "Bj" character is transferred from the character selection
storage register to the character selection dlsplay regn.ster° The "Bl"
character is now dlsplayed on the face of the tube and when the first
data bit on the "B," character arrives it is gated into the eharacter
selection storage register. Since the MBo" character has four data bits
to identify it, the two milliseeond storage time of the ®B;# character
will be ecompleted before the #Boi character is fully assembled. There-
fore the charaeter selection display reglster is eleared to the matrlx
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blank address at the end of the two milliseeonds storage time and nothing
is displayed until the complete "Bo# character had been assembled and
transferred from the storage register to the display register. This
whole process then econtinues in similar fashion for the remaining ten
‘egharacters.

Meanwhlle when the V" data bit and the two "Bj" data bits
arrived they were also gated into the character position generator. .
These three bits together with the "TD" bit are decoded to determine the
initial position of the "Bj" character. When the #B;" character is trans-
ferred from the character selection storage register to the display
register, the decoded position of the #B1 " character is also transferred
to the Character position display register so that when the character
lights up on the face of the tube, it will be in its proper position with
respect to the vector symbol. As suceeeding characters are transferred
into the character selection dlsplqy register, the character pasition
display register is merely indexed to its new position without regard
to the particular symbol being displayed.

If the message had been a data message then the data bit follow-
ing the *TD# bit would have been the X and the follewing would have been
Y. Both of these bits are gated only into the character position genera-
tor and these together with the "Tp® bit are then decoded to supply the
initial position of the first data message character. The operation of
~ the character selection reglsters is the same as for the track message
but without the necessity of any preset signals since all six required
character address bits are supplied with the data message. After
decoding the initial p031t10n of the #Dq" eharacter, the character posi-
tion display register is merely indexed for each successive transfer of
a character from the character selection storage register to the display
register.

Eaech data bit as it comes from the data eonversion reeelver and
is gated into its respectave display reglster, also gated into the com-
plement 1nput of one of five flip-flops in the parity eireuit. Thus a
‘parity check on each of the five transmitted words is aeccumulated. When
" the last five bits of a _message (the parity bits) are received, a signal
is generated to indicate whether the message had been received correctly
‘or not. If the message was reeelved correetly the various storage regis-
ters and timing eounters are reset and all further action suspended until
the next synch pulse arrives to start the cyele over on a new message.
 However if the parity did not eheeck, the indication is that the message
had an error in it. By this time the message is dlsplayed on the faee
of the tube and there is no known method for selectively erasing the
incorrect message. Since the message cannot be erased, it must be iden~
‘tified somehow that it contains an error. The method used in this
system to indicate an erroneous message is to paint the large square :
(matrix address 77) over the vector symbol.
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III. CRT DESCRIPTION

The cathode ray tube used for Remote Display I is a tube, newly
~ developed by Hughes Aireraft Co. called a tono-typotron. It is esséhé
‘beam-forming mechanism of the Typotron and the storage characteristies

of a Tonotron. TFigure 7 (SA8678l) is a diagram of the beam forming end
of the tube. The electron beam gun is similar to that in any ordinary
cathode ray tube with eleetrostatic foeusing. The beam on emerging from
the gun struecture passes through a set of eleectrostatic deflection plates
ealled the selection plates. It is to these plaeces that the character
selection signals from the character selection decoder and amplifier are
applied., After the beam passes these plates, it arrives at the character
matrix which is the heart of the beam forming prineiple.  The character
‘matrix is a small metal plate which is perforated with character shaped
openings in an eight by eight square array. Figure 8 (A-8655L) is a
diagram of a typical matrix. The beam had originally been defoecused
sufficiently so that when it arrives at this matrix it is large enough
to completely cover one of the character shaped perforations. As the
beam hits this mtrix it is completely stopped by the matrix except for
that portion of the beam which actually hits the perforation. Thus the -
beam arrives at the matrix in the form of a solid cylindery but leaves
the matrix in the shape of the perforation. The process can be compared
to the extrusion of a shaped aluminum bar from a cylindrical aluminum
billet by squeezing it through a properly shaped-die;‘ :

In order to hit any desired character on the matrix, the beam
had to be deflected off axis by the selection plates. If the beam were
‘permitted to continue in this direction it would soon hit the neck of
the tube. Therefore it is made to pass through a magnetic field set up
by the convergence coil which causes the beam to spiral back toward the
axis of the tube. As the beam crosses the axis of the tube it encounters,
a second set of plates located at thls point, and is deflected in the’
opposite direction by these character compensatlon plates so that the
beam thén travels down the axis of the tube again.

_ Finally the character shaped beam passes through the field of
a magnetic deflection yoke which causes the beam to go to the desired
position on the face of the tube. Because of the slow speed of the yoke,
it is used only to provide the major deflection of the beam. The minor _
deflections within a target area to make up the fcrmat positions have to
be fast and for this reason the format deflections are performed by add-
ing an additional electrostatic voltage to the character compensatlon
plates. This procedure gives the desired operating speed but introduces .
two rather serious problems. First the deflection voltages required for
the compensation plates are now almost double that required for compen-
- sation only. This quadruples the power dissipation of the electrostatic
amplifiers and increases the problems of keeping the console suff1c1ent1y

Vlﬁ‘_cool for operating transistors. ‘Secondly, the beam no longer enters the

magnetic deflection yoke on axis. If the electrostatic deflection and
the magnetic deflection are in the same direction and of sufficient
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amplltude, the beam hits the neck of the tube. This causes characters
in a format to suddenly disappear about two or three inches from the edge.
of the tube. Both of these problems can be solved if either more time
can be allotted to deflection signals, or if the yoke can be made to
respond faster. This would permit doing the format deflections with the
-yoke and the beam could then be made to enter the yoke on axis and avoid
the-ﬂneck shadow" problem. This will be tried in the near future.

Figure 9 (SA 86782) is a diagram of the storage and display

end of the CRT. This portion of the tube consists of four major parts:
the flood gun which emits a broad beam of electrons to cover the entire
storage surface, the etorage mesh which stores the image of the writing
gun beam, the collector mesh which "collects" secondary electrons emitted
by the storage mesh and those flood gun electrons which are repelled by
the storage surface, and ﬂlnally the phosphor coating of the faceplate

of the tube which emits light wherever the flood gun beam is permitted

to .pass through ﬁhe storage mesh.

The storage mesh is a very fine mesh metal screen covered on
the ”gun“ side with an insulating coating of magnesium fluoride which has
a very large secondary emission ratio. When the high velocity writing
gun beam hits this screen, a large number of secondary electrons are
emitted by this coating at the spot which was hit, charging it positively.
Figure 10 (SAh8377) is a graph show1ng how the secondary emission ratio
of magnesium fluoride varies with the accelerating voltage of the primary
electrons., It will be noticed that at LO volts this ratio is unity
which means that for each electron which hits the magnesium fluoride at
this potential, one electron is emltted by secondary emission with no
‘net current flow to or from the magne51um fluoride. Below this potential
several primary electrons must hit the fluoride surface before a secondary
electron is emitted, with a net conventional current out of the fluoride.
-Above this potential the ratio is greater than unity and for each primary
electron hitting the fluoride several electrons are ejected by secondary
emission with a net conventional current into the fluoride.

Under normal operatlng condltlons the storage screen mesh is
operated about 10 volts positive to the flood gun cathode, and the
collector screen at 150 volts above the flood gun cathode. The viewing
screen is malntained at three kilovolts above the flood gun. The flood
gun beam is accelerated to 150 volts by the collector screen and passes
through this screen to be 1n1t1a11y decelerated to 10 volts by the stor-
age screens. Since the velocity of these electrons is below the unity
secondary emission ratio of the magnesium fluoride, the surface of the
fluoride soon charges negatively to flood gun cathode potential. With .
the storage. surface at: flood: gun potential; no more electrons hit the
surface but some do get through the mesh of the screen and are then
accelerated to the viewing screen, so that the entire faceplate is lit
up at this time.

To darken the tube it is necessary to charge the storage screen
surface about eight volts negative to the flood gun cathode. This is done
by momentarily raising the potential of the storage screen mesh about
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ten volts with an erase pulse. The storage surface is also raised by
this amount through capacitive coupling between the metallic screen and
the surface charge. With the storage surface now ten volts positive to
the cathode potential, the flood gun electrons again hit the storage
surface and charge it back to flood gun cathode potential. When the
erase pulse is removed; the storage surface potential is lowered to ten
volts below cathode potential and no further flood gun electrons can hit
the storage surface or get through it to light up the faceplate.

The storage surface would remain at 1ts negatlve potentlal
until the writing gun changed it if the tube had a perfect vacuum in it.
However‘9 even with the best vacuum techniques some residual gas remains
in the tube and, when the flood gun electrons collide with this gas,
pos1t1ve ions are formed. These ions are attracted to the negatlvely
charged storage surface and tend to charge it positively. As these ions
accumulate on the storage surface the potential gradually approaches
flood gun cathode potential, and increasingly greater numbers of flood
gun electrons are permitted through the storage screen mesh . to light up
the faceplate, Figure 11 (SALB378) shows how the faceplate intensity
varies with the storage surface potential. To keep the tube dark it is
necessary to maintain a continuous chain of erase pulses to remove the
accumlating positive ion charge.,

. - To write a spot on the storage surface, the writing beam is
turned on. This beam hits the storage surface with an energy of three
thousand electron volts, which is well beyond the unity secondany
emission ratio for the fluoride screen. Since many more electrons:are
emitted by the storage surface than strike it, and since these emitted
electrons are collected by the collector screen, the spot which is hit
’by the writing beam becomes positively charged. When the writing beam
is removed the spot assumes an equilibrium potential at the flood gun
cathode potential. Under this condition the flood gun electrons will be
permitted to pass through the mesh of the storage screen and will illumine-
ate a spot on the faceplate corresponding to the charged spot in the
storage screen.

If an erase pulse of fifty milliseconds or more is applied to
the storage screen; the written spot will be discharged to flood gun
cathode potential together with the remainder of the storage screen.
When the erase pulse is removed the entire screeny 1nclud1ng the written
spot, will assume a potential negative to the flood gun cathode, and the
face of the tube will be dark - thus effectively erasing the written spot.
However if the erase pulses are made considerable shorter, only a portion
of the positive charge in the written spot will be removed with each
erase pulse, and many pulses will be required to completely remove the
positive charge. By controlling the duration of the pulses and the
repetition rate; the length of time during which the written spot is
visible can be controlled. The maximum viewing duration for a written
spot is limited by the rate at which the erase pulses must be maintained
to counteract positive ion build-up on the background.
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IV. SUMMARY

The present Remote Display system has shown the. feasibility to
"produclng a Sage type display from a coded telephone message. The use
of the wno-typotron has guaranteed g bright, essentially fllcker~free
display which is an absolute necessity for the type of enviromment in
which such a system would have to operate. Although the display format
varies slightly from the Sage format by the abolition of the vector, the
use of a vector symboel together with course and speed information makes
the format fully as. useful as the Sage format.o Attempts are being made
to circumvent the disturbing "neck  shadow®’ ‘problem which plagues both
~ this system and the Sage systemo. Prograxm:«.ng a computer for this system
is a very cumbersome chore, but the form of the message format was an ’
absolute necess:Lty to eliminate any form of memory from this system. A
‘new system is being planned using a core memory . plus a charac'bron which
will not only be more flexible and simpler to program for, but will permit
the use of addltlenal types of formats, track history messages, and
built-in test and alignment routines. :

HEZ smk
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