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PART 1

FEASABILITY STUDY OF THE PROPOSED INTERACTIVE
GRAPHICS CONSOLE — "'VIDIOGRAPHIC"
CHAPTER 3

THE PROPOSED INTERACTIVE GRAPHICS CONSOLE
*VIDIOGRAPHIC"

3.1 INL{RODUCTION
The previous chapter described the requirements

of an IGC and 1ndicated the current technigues and methods
in implementing them. The emphasis was mainly on the
hardware reguirements.
Briefly these were:
(i) a graphics display subsystem.
(ii) an informatiod input subsystem (including
an alphanumeric keyboard ) capable of accepting
user-snecified graphic information and having
user “pointability". '
(iii) vector and alphanumeric generating subsystems,
(iv) a display refresh store to maintain the-display
information in a flicker-free mode.

(v) control and software support.,

Of interest in this project are the reguirements
(i), (ii) and (iv). The requirements of software support
is excluded because this is a hardware-orientated study,
while vector and character generating subsystems are
excluded also,because these are readily available, are rel-

atively inexpensive (sevsral hundreds of dollars), and



sn diversely implemented, that for any given application

several options exist.

This chapter contains an introduction to the
proposed IGC. based on the above requirements,along
with some of the problems to be encountered in realizing
this IGC.

Later chapters contain a more detailed account
of the derivations of some of the expressions and concepts

introduced.

The proposed IGC is called NYIDIOGRAPHIC" (Video
Integrated Display and Input Optical GRAPHics. Interactive
Consple) since it is a self contained system based on TV
equipment and TV-mode .operation ("video") and is fully
interactive between the user and the CPU; also,optical
systems play a major part in its implementation.

3.2, GENESIS OF “VIDIOGBAEHIC“
3,2,1 The Display Subsystam

In choosing a starting point for the design of
a workable, yet economic, IGC satisfying the above
requirements, the Display Subsystem is the most logical
choice. After all, presenting information graphically
was, and still is, the nraison d'etre" of Computer Graphics.

It was seen in the previous chapter that a
display subsystem based on a CRT was not only the most
economic solution, but also perhaps the only realistic
solution for some time to come, considering such factors

as speed of response, size factors etc.

The most economic of CRTs are those operating
in a TV-raster-scan mode; a commercial TV receiver stripped
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of inessentials like the audio and the RF-IF and detection
stages costs in the vicinity of about $100(4).

CRTs operating in a TV-raster-scan mode are the
star pin hado) which the proposed system is desi N

3,222, The Graphic Inhput Subsystem.
0f the Input graphics devices the only one

inherently compatable with the TV-raster-scan mode is a
TV camera, focussed on some area on which the required
graphic input is being drawn, There are several types of
TV cameras based on different photoelectric effects, but

the simplest and most economical, are tnose cameras using
Pyidicon" tubes, based on a photoconductive effect.

Vidicons also have certain desirable properties
from our viewpoint, On tne other hand they have disadvant-
ages, particularly their slow speed of response to changes
in illumination, which need be overcome. Vidicon cameras
start in cost from about %300(4); the average cost is of
the order of %00 -#%000.

A user could feasibly "write", or rather "draw",
with a very narrow light-beam projecting device or pen,
projected onto an area which is in turn imaged onto the
Vidicon tube image target. With the scanning beams of
both the CRT and the Vidicoh camera synchronized to the
same timing source, the CRT would display whatever was
being drawn on the input area in the same relative position
on the CRT screen as on the input area, by feeding the
putput of the TV camera into the CRT input.

The next logical step is to have projected onto
the input area scanned by the Vidicon camera,an image of



the CRT screcen, to enable positicning of input graphics
relative to displayed graphic data. This projected image,
however, cannot interfere with the image displayed on the
CRT; tnat is, it must not be detected by the Vidicon
camera, otherwise a double image on the CRI' display would
appear (unless exact 1:1 geometrical positioning is
present) . After each scauning cycle, this "double™ image
would itself "double" again, to finally result in an
apparently meaningless display.

The Vidicon must tunus selectiveiy accept data
as seen on the input area, either through optical
filtering or through simple light intensity level detect-
ing, by making the user-input data of a much higher
light intensity than the projected CRT background refer-

ence information.

3,2,3 The Display Refresh Storage Sybsystem.

The problem of providing a display refresh
memory capable of refreshing at .some 25-30Hz rate still
remains, Typically the number of locations on a TV-type
display approaches ’-+'5,1O5 locations, To refresh this at
25Hz requires refresh rates at just over 10Mhz; only
cyclic stores can achieve these rates, Some form of fast-
access random storage is still necoessary to store the
updating information during the interval when this
information is specified, to the instant when it is injec-
ted into the cyclic memory.

The idea arose of having the TV camera look

back at its own output, being displayed on the CRT screen.
The insut to the TV camera would, at each cycle (a TV

frame time of L4Oms duration), be its own output at the
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previous cycle. The display would thus be self-perpet-
uating at TV refresh rates (i.e. 25Hz) satisfying the
requirement of a flicker-free display.

23,24 The Optics Subsystem.
An optics system is necessary to extract from
this direct "line-of-sight" arrangement of the CRT

scanned by the TV camera, an image of the CRT display
screen,to enable direct user-specified graphics to Dbe
input and for direct user viewing. Such an optics system
is the Schmidt Optical System used some years ago in
domestic TV-projection receivers (2h3,24k,245),

Similarly the electric link between the output
from tte TV camera and the input to the CRT need be
accessed to enable input and output of graphics informa-
tion between the IGC and the CPU.

3,2,5 The Storage Process,

The actual storage process, although apparently
similar to a cyclic memory such as a delay line, differs
from the latter in that storage, within the refresh cycle
interval, is due to physical charge storage on the Vidicon
photoconductive surface; the delays present due to
propagation time between the CRT and the Vidicon and in
the electronic link, are negligible with the refresh
interval., However, the address of a particular location
is, as in cyclic memories, directly related to its time
location from the start or the end of the refresh cycle
interval. 1Its numerical coordinates may be given by the
horizontal scan line count and its time count within
each horizontal scan line,
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A functional schematic of "VIDIOGRAPHICY
is shown in Fig.60, with the major features labelled.,

3,2,6 Brief Description of System Operation.
The actual sighals circulating within the CRT-
Vidican closed loop are of two forms:

(1) optical signals within the "optical"™ loop
segment.,
(1i) electrical signals within the "electrical" loop
segment,

2 Optic Signals
In the optical section of the system, that is

CRT to Vidicon, CRT to User and User to Vidicon, graphics
display data and associated information originates as
luminous flux on the CRT screen and is transmitted there-
fromy part of this flux is available to the user for his
observance on a viewing screen and another part is imaged
onto the Vidicon photoconductor target for recirculation
in the closed Vidicon-CRT loop to maintain the display.

The actual optical sighal, corresponding to some
particular display element forming a part of some graphic
figure, carve, alphanumeric etc, manifests itself as
emitted brightness B(t)' of some peak value,lbcated at Seme
given CRT screen coordinates,and decreasing with time
depending on the CRT phosphor persistance characteristic.

The luminous flux associated with this bright-
ness"B(t), when incident on the user display screen at a
screen position corresponding to the CRT-screen coordinatesg
is viewed by the user. Similarly, another portion of this
emitted luminous flux is imaged and incident on the

Vidicon photoconductor target and generates a stored



charge at a location corresponding to the CRT screen
coordinates.,

Other optical signals originate from the user's
light-emitting pen which, by the "“"Superposition Optics
System", are guided and imaged as luminous flux onto the
Vidicon target, again with resultant stored charge.

The result is that during each system "frame
time" or "scan time interval time" (i.e. the time required
for an image to be displayed, and equal to 4Oms), a charge
pattern is built up on the Vidicon target, t he magnitude
and locsbhinn of which correspond to the CRT-scresn-or
user-initiated signals (and also from noise or stray
sighals etc).

2620 ectrical Signals

The scanning mechanism of the Vidicon coaverts
this two-dimensional charge storage pattern into a one-
disiensional time sequence, the duration of which is one
frame time interval. The output signal from the Vidicon
is thus a sequence of current (or voltage) pulses, whose
amplitude is proportional to the stored charge on the
photo-conductor (and hence proportional to the incident
luminous flux), and whose position in time, relative to
the beginning of the scan interval, 1s dependent on the
locaticn of the originating stored charge on the Vidicon
photoconducting target (and hence on the location on the

CRT screen).

The Vidicon thus converts optical signals into
electric signals and inserts them into the "electrical

loop segment.
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Blectrical signals propagate from the Vidicon
t5 the CiT, from the Vidicon to the CPU I-0 interface,
and from the CPU via the I/0 interface to the CRI.

Upon arriving at the CRT, these electric pulse signals
are again converted by the CRT scanning mechanism and by
cathodoluminescence,into the CRT screen luminalice, the
magnitude of which is proportional to the CRT input pulse
amplitude; the resultant CRT screen display position
depends on its time arrival relative to the beginning of
the CRT scan time,

The display refresh cycle is thus reinitiated again.

3. 2.63 Signal Requirements.
For such a system to have any practical

significance or use, the following must be satisfieds

(i) The positioning and conversion of the optical

signals to the time-pulse sequence (the Wyvideo"
sighal) by the Vidicon,and conversely, the
conversion from video signal to CRI screen

pssition, must be in an exact 1:1 spatial and

time relationship, between the two devices and

must be identical at every successive scan

interval. Otherwise during successive scan

intervals the display elements are progressive-
ly displaced; and because 25 such scan intervals
(in a 625-line system) occur per second, a
system without the above requirement would
result in a very transient display, that 1is,
after several cycles, the display would be
shifted from the display screen and disappear
from view,

The most obvious requirement is thus a
steady display!



(i1)

Display information, once inserted optically

by the user Light-emitting Pen, or electrically
by the CPU via the I/0 Interface, must be self-
maintaining i.e., self-refreshing, It 1s useless

to have a system where inserted new display
information disappears after several frame time
intervals.

Thus the resultant Vidicon video signals,when

fed into the CRT,must result in adequate Screen luminance

at corresponding locations so as to

(i)

(ii)

provide adequate user-screen display brightness
for user viewing comfort.

when incident on the Vidicon target, they must
regenerate adequate Vidicon output signals to
restart the cycle again.

Variations in CRT iuminance or Vidicon

putput signal mean variations in successive
frame time intervals with resultant increase
or decrease in signal amplitude, until either
the signal vanishes (luminance variation
decreasing), or until perhaps the equipment
preakdown point is reached (luminance, and
hence signal variation, increasing) .

Since Vidicons and CRTs are, when normally

operated, analog (i.e. linear signal) devices, such
signal variations are to be expected (noise, for example,
changes the absolute signal amplitude).

Constant signal levels for the optical and

clectrical signals are required; this is ensured if an

electric signal Level Detector is used to detect and
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control signal amplitude.

2 2.7 Signal Level Reguirements.
3.2.7,1 Introduction
Variations in signal output level (whether

within the CRT luminance or Vidicon output pulse ampli--.
tude) are most apparent at the injection of new dispaly
information, as both devices show, to some degree, build-
up and decay effects in phosphor luminance and photo-
conductivity with input signhal variations. Of critical
importance is whether the resultant output signals,after
new display information injection, are adequate to be
"signal level" detected.

This requirement, and the requirement ensuring
that dispaly locations,after each recyciing in the CRI-
Vidicon loop,are always displayed in identical positions,
is best performed on the electrical signal;_ This
electrical videosignal between Vidicon and CRL, 1t was
seen, consists of a time sequence of pulses, the position
of which,within this time sequence, is indicative of
its display position coordinates, and the amplitude of
each pulse indicative of the CRT screen luminance.

Constant display position at successive cycles
means constant time-sequence position., Deviations from
1:1 Vidicon and CRT spatial relationship are manifested
by pulse position deviations from some nominal values.
Appropriate pulse repositioning (say by variable delays)
is thus equivalent to display spatial repositioning,
leading to a resultant 1:1 spatial relationship; a stable,
static display thus results. The method of doing this is
described in chapter 8.
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Constant display luminance, and ensuring that
new injected display information remains displayed,
implies the maintenance of a constant electric signal

level.

2 Classes pof Electri Signals.

Two types of electric signals are recognized,
"151“ and "152", thus requiring two Signal Level Detectors,

having detecting levels "iL1" and "iL2" respectively, with

iL2 > iL1 . . . ° . . ° L] o ° [} L] 3-1

The first class of signals, "i_,", has the

requirement of

iL1 < is1 < 1L2 L L] L[] L] [ 4 L] L] L] 3.2

The Vidicon output signals are fed directly
to both Level Detectors in parallel. "151" enables the
"ip " detector"ON"; its output is the input to the CRT.
So long as expression 3,1 is satisfied, the system does
not differentiate between the origin of this signal; it
may originate from the CRT screen or from the user light-
pen., These signals thus specify user input graphics
data or existing display data.

The second class of signals is defined by

isz > iL2 L * * L] [ ] L ] L] o [ ] o L] L] .3.3.

and originate from the user and specify user interaction

with existing display information.

Basically when interacting or pointing to
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existing display information, the user does one of two
things, He may

(i) wish to erase an existing display element.
(ii) indicate an existing display element on which
some operation need be performed. This requires
a transfer to the CPU or else (for graphics
operations such as "SCALE", "ROTATE", etc)to
the Display Processor,

Thus “152“ signals indicate display location erasure or

transfer of display location coordinates to the CPU

1/0 Interface or the Display Processor I/0 Interface.

For erasure, the "1L2" detector may inhibit the
“iL1" detector and thus cause a "no-signal" cendition to
appear (and hence erasure).

For I/0O Interface detection, the "i; " Detector
ppens a gate which make the "iL1" output signals available
to the IJO Interface at the appropriate time intervals,

These sighal requirements are discussed in
greater detail in sections 4.3.5., 4,3,6,

3,2,8 System Features.

The above system offers additional interesting -
possibilities., In addition to display, graphic input and
storage capabilities, the system requires minimal CPU
intervention. Display refresh is certainly self-maintain-
ing without CPU intervention. More significantly no CPU
interrupts occur when user-specified graphics are input.
Display refresh storage capacity inherently matches the
capability (both in speed of updating and in capaeity) to
the graphics Input and Display subsystems.




The speed of updating or erasing is such that
a whole display can be read-in or erased within a frame
time (hOms); however the average access time to each
display location, whether to write-in or erase, is half
the frame time,

3,2,9 Basic Reguirements for Fegsability

As elaborated in more detail below the successful
implementation of the system depends on three main factors:

(i) the generation of adequate light energy by the
CRT and adequate light energy incident on the
Vidicon target surface.

(ii) adequate speed of response by the Vidicon to
the incident light energy, within the relatively
short frame time interval of 4Oms,

(iii) geometrical linearity of each sub-system during
display ares scanning to be such that each
display location is located at gach successive
frame in exachly the same position as in the
pravious frame.

The remainder of this chapter is a brief
summary of the proposed system, the problem areas, and
an outline of the major requirements indicating the
feasability of the proposed IGC. The expressions used
within this feasability study are derived in later chapters
or Appendices, and only a "ecapsuled" feasability study is
given to provide an overview and feeling for the major
requirements of the system developed in the later chapters.

3.3, SRIBF DESCRIPTION OF SUB-SYSTEMS

343561 Cathode Ray Tube
The main function of the CRT is to convert pul se-

1hk



time information at its inpubt to position information on
its display screen. BEach location on the screen is
sequentially accessed in a predetermined order (the
"raster" scan) by deflecting the scanning electron beam
with a time-varying magnetic (or electrostatic) field?
I'his beam 1is blanked out where no information is required
to be displayed; otherwise at locations where information
is to be displayed, the beam is unblanked. At these
locations the electron beam strikes the phosphor screen
whereupon its kinetic energy is converted to radiant
energy ("cathodoluminescence" (section 2.3:7.2.) ).
Depending on the beam energy (beam current and acceler-
ating screen potential), and on the phosphor type, radiant
energy of a given irtensity, spectral distribution, and
time distribution is emitted and that location becomes
visible from the outside of the CRT screen, Fig,61
illustrates a schematic of a CRT,

In the proposed IGC, part of this visible
radiant energy is projected onto a screen to be visible
by the user, while the remainder is available for
projection onto the Vidicon camera target surface.

Of interest here are the following :

(i) the amount of visible radiant energy generated

by the CRT,
This is to be adequate for both the user's

viewing comfort and to ensure fast Vidicon
recponse. For commercially available CRTs,
the emitted luminance may vary by several
orders of magnitude,

(ii) <IThe time variation of this radiant energy.
The output of the radiant energy within each
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frame time interval of 4Oms is not constant;
in TV-CRTs it usually falls to approximately
0.1 - 0.2% of its peak value after 4Oms, The
actual time veriation depends on the phosphor
used.

(1ii) The geometricgl linearities of the CRT and
capabilities of this for correction.
In commercial CRT$, linearity varies from O.5-
10% (for definition of linearity see section

2.2.2.7).

In this study,figures are quoted for several
CRTs. The CRT which was available was a 14" (8" x 105"
screen <ize) PYE TV-monitor, of about 1955 vintage, on
loan from WRE, Salisbury (Department of Supply).

%.%3.2 Vidicon TV Camerg
The main function of the Vidicon TV-camera is
to intercept adequate radiant energy emitted by the CRT
to generate an output signal of sufficient strength to
restart the display cycle again by feeding this sighal
back to the CRT.

As shown in Fig.62, the image of the display
on the CRT screen is focussed onto a photoconductive
layer of size 0+375" x O«5", whose conductivity increases
as the intensity of the illumination increases. A
voltage, provided by“Vs: of some tens of volts exists
across the photoconductor; the signal plate providing this
"vs is transparent at the high voltage side, while the
photoconductor surface facing the inside of the tube 1is
nominally at cathode voltage (OV), kept thus by the
scanning electron beam, Variation of"st alters the



"sensitivity" of the Vidicon to the incident illuminatiosn -
the greater'Vs'is, the larger is the output signal for
any given illumination,

The photoconductor is almost an insulator with
no incident illumination; any current flow due to'Vs
(the "dark current")is negligible (about 0,01uA say).

When the photoconductor is illuminated, the conductivity
increases greatlyy and under the electric field due to
"Ws) charge leakage occurs due to these resultant photo-
currents, A poténtial"AVT" results on the cathode side of
the photoconductor due to the charge leakage"Qfgiven by
AVT = Q/Em where "cm" is the capacitance of the photo-.
conductor element at that location. TypicallyiiAVT“is
several volts at the end of a frame time interval. Thus
a charge"Q'or“AVT" distribution occurs on the photoconduct-
or btarget which is representative of the incident illumine
ation,

A scanning electron bzam, analogous in many
respects to the electron bzam in a CRI, accesses each
location on the photoconductor in a sequential predeter-
mined order - again by deflecting this beam by a time
varying magnetic field., The beam restores or neutralizes
this accumulated charge"Qf the resultant charging current
appears at the sighal plate and across the sighal resistor
generating the resultant video output signal. Its
amplitude is proportional to the chargeQ"and hence
proportional to the incident illumination.

The requirment here is to have as large a charge
image as possible for a given illumination, and to have
the electron beam completely discharge the charge in the
short instant the beam is present at that location, i.e.

during the"beam dwell time". This reduces "image lag".

1h7
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Of interest here are the following:

(i) The geometrical linearity of the Vidicon,
when converting the pésition coordinates of the
stored charge locations on the photoconductive
surface to the pulse time coordinates, Nominally
in Vidicons linearities are of the order of 1-5%.
(1i) The "lag" or frame-to-frame storage charactelw

istics (not to be confused with the necessary
requirement of charge storage during a frame
time interval). This has the result that a
charge image representative of the incident
image, is not erased completely by the electron
beam at the one scan, bub persists (with reduced
amplitude) for several scan periods until
completely erased. This poses problems with the
desired requirement of complete erasure of
information within a single scanj unless complete
(or near complete) erasure occurs, difficulty
will be experienced in erasing display information.
(iii) The buildup process of photoconduction due Lo
changes in illumination.

Vidicons are “notoriously" slow in response to
changes in illumination, In our case the
requirement is that within onhe frame time inter-
val, adequate charge be built up due to the

CRT phosphor-type illumination. Similérly,

when display information is to be erased, the
photo-conductive lag must not be such as to
generate a spurious signal at the next scan.

Little data exists as far as transient prop-
erties of Vidicons go. The expressions derived for
Vidicon transient behaviour in Appendix 10 and used with-
in this feasibility study were checked against whatever
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data was available. Thus résults are given for several
different available Vidicons.

The available Vidicon is a SONY M-3016 within
a purchased SONY CV-100 Vidicon cameraj; very little
information is available about this tube evea after
direct inquiry from the manufacturers.

3.3,3. Schmidt Optical System.
The main function of the Schmidt Optical System

is to project the CRT display information onto a viewing
screen to be observed by the user and simultaneously to
enable the user to input new information, This latter
capability is effected by the phosphor coating on the CRT
screen being a natural diffusing-reflecting surface (a
"Lambert" reflecting surface) of similar properties as a
"front-projection" white screen. The phosphor screen thus
performs the function of an optical adder, adding emitted
CRT-luminance and any reflected luminance originating
from, say, a light emitting pen held by the user and

projected onto the CRT screen.

The Schmidt Optics has been chosen for several
reasons:

(i) Of the various alternatives of other optics
configurations, this system is the most
efficient so far as light utilization goes.,

(ii) The cost of such a system is very favourable
compared with its alternatives, due to its
availability (at least from surplis stock) as
a sub-component of domestic TV projection
receivers of some twenty years ago.
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The actual optics system required is that f'rom
an RCA Projection TV system (243,24L4,2L45), Fig.63 shows
the principal light rays of the Optics system.”

3.3.4 The Light Pen and Projectinon Screen

The main functlon of the Light Pen is to enable
the user to input new display information and to be able
to point to graphics features on the dispaly.

Since the user sees the CRT dispiay projected

on a screen, he points the Light-emitting Pen at locat;ons

on the screen whenever new information is to be input,

The screen material is light diffusing and has "directive"
properties, that is, when light is projected onto it, it
tends to concentrate the transmitted light in a preferred
direction, usually in a cone of about 20°- 30° about the
normal to the screen, Since the screen is at the real
image plane of the Schmidt Optics System, the conjugate

focal plane being the CRT screen, a high intensity spot
projected by the user appears on the other side of the
screen as a high intensity spot (as it is a diffusing
screen) and is reverse imaged onto the CRT screen., The
reflecting-diffusing phosphor screen of the CRT, reflects
this spot onto the Vidicon photoconductive target.

Similarly as for the CRT, the light pen must
emit adequate visible radiant energy, which, when imaged
onto the Vidicon, generates within a frame time interval
adequate output signal. This"light pen'must not be
confused with the usual"light detecting"pen used current-
ly with CRT s and described in Appendix 5.

3.4, OUTLINE OF FEASABILITY STUDY

The salient points on which the feasability of
the system is based on, are in turn:
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Adeguate light energy transfer between
the CRT and the Vidicon during each frame time
interval to enable the Vidicon to generate a
suitable output signal. This depends in turn on:

(i) The brightness, and rise and fall time
characteristic of the CRT phosphor under
excitation, and the spectrum of its
radiant energy output.

(i1) The lens and imaging system of the
Vidicon camera,governing the quantity
of radiant energy reaching the photo-
conductive Vidicon target.

(iii) The rise and fall time of photocurrents
in the photoconductor under changes of
illumination.

Complete or near-complete erasure of stored

charges on the photoconductor after a single

scan of the Vidicon electron beam, to ensure

that no spurious signals are present at
subsequent scans, This requires a study of the
scanning mechanism of the Vldicon.

The measurement, causes and correction of display

distortion of the CRT and Vidicon to ensure that
display information is generated at the identical

locations at each successive frame. Otherwise

display drift occurs from frame to frame until
the display drifts out the display screen area.

An efficient (from the viewpoint of light

utilization efficiency) optics sy stem, such as
the Schmidt Optical System, which enables the




superposition of images, particularly user

specified graphics information,

In conclusion, layout, size, special features
etc of the proposed IGC are mentioned,

¢ 9 ¢ 00000 C0 8
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CHAPTER 4

LIGHT ENERGY REQUIREMENTS IN "VIDIOGRAPHIC"

4,4, LUMINANCEZ _of the CRI PHOSPHOR
Y,1.1. Introduction

The primary function of the CRT is to genérate
radiant energy at predetermined locations on the CRT
screen, a fraction of which is incident on the Vidicon

photo-conductive target; this fraction may be quite small
even with a relatively efficient optical system.

Of this light generated on the CKT screen, the
following are the main sources of losses as far as light
reaching the Vidicon is concerned @

(i) reflection and absorption from the glass face-
plate in front of the CRT phosphor screen.
(1i) 1light emission in the direction of the user
viewlng screen.
(iii) 1light emission in directions other than view-
ing screen and Vidicon optical system directions.
(iv) losses in the Vidicon camera optical system such
as
(a) reflections at lenses
(b) reflection at Vidicon faceplate.

Typically about 5% of the light flux emitted
from the CRI is incident on the photoconductor. Of this
light flux actually incident on the photoconductive target
only a very small fraction is converted into carriers

resulting in the photocurrent; this fraction may be
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typically 1-2%. Thus less than 0-1% of the light flux
emitted from the CRT directly contributes to the Vidicon
output signal. "

A crude way to see this poor utilization of
CRT luninance is to compare the beam current power in
the CRT with the output beam current power of the Vidicon,
For the CRT beam, currents of 1-2mA, accelerated by a
voltage of some 15KV,are required,with about 2-5% efficiency
in generating light flux. In the Vidicon, a beam of some
1uA, accelerated by a voltage of some 300V, to fully
discharge the stored charge, is typical.

The beam power ratio Rp in the two devices is

thus . } 300 x
p

10'6

2.1072X 15.10° X 0.05
0-02%

which compares favourably with the previous value of
Wless than O+1%"

4.,1.2 Phosphor Luminance In CRTSs

Analytic expressions relating the brighthness
of the CRT screen light output or luminance with such
factors as beam current, type of phesphor, accelerating
potential etc, are well known (see Appendix A4,9,2 ).
For particular CRTs, however, manufacturers supply curves
which directly give the above necessary relationships or
from which the required information can quite easily be
deduced. These are of the form shown in Fig.6k4.

Typically brightness ranges from about 30ft-L
(foot-lamberts) to more than 10hft_L in projection CRTs.
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In Table 1 are listed, amongst other parameters, the
brightneés for several CRTs, The CRTs listed are not
representative but were selected for their high luminance
as this is one of the major requirements in this study.

3

The CRT luminance is 1in fact the average
luminance perceived by an observer over a whole frame
time interval., The light flux emitted, and hence the
brightness, are not constant but vary greatly, from the
maximun occuring just after the instant of excitation , to
a fraction of a percent of its peak brightness after one
frame time interval, This luminance decay varies from
phosphor to phosphor, and to a smaller degree depends on
the incident beam current (see for example decay curves
in (248) ).

The decay characteristic (sometimes called the
"persistance" characteristic) of "W" phosphor, the phosphor
with the required characteristic from our viewpoint, is
shown in Fig.64(a), It is assumed that there is no
great change in the form of the persistance at various
beam currents; this is a valid assumption when the curves
shown in (248) are anhalysed.

Ir"B(t) is the luminance variation with time,

n
then BAV: the average luminhance variation is simply,
1 ‘-’IF . L
BAV = TF B(t) dto e ®» & ese » e o 01
o]

where T, is the frame time interval (4oms) .

B(t) is of the form (see Appendix 4.9.3),
ll—\
B

dt

B(t) = B :
peak‘[ 1+K% o
(1)

L] L] e = L L I+02
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, [ — [
wiere K and'« are constants. Thus

oy
4

¥

By = dt R
B eak T 0(1+Kt)“

This integral on the RHS avaluates to 0-016
for "W" phosphor (see Appendix A.9.3), giving

63 B R R

B Av . L L4 .r ] L] L] Ld L

peak
Hence the luminance-time variation curve can
be calibrated in ft-L for various levels of average
luminance, B,,. Leverenz in (2L46) states that "B n
7 peak
for projection CRTs can sometimes reach 10/ft-L!

The maximum peak brightness or luminance is
also given in Table 1, It has been assumed for these
caleculations that the decay characteristic of "p-L"
phosphor (US usage) is identical to "W" phosphor (UK
usage). In fact the decay of 'P4'is specified to be such
that "hbrizhtness does not exceed 7% of peak brightness
33ms after excitation is removed" (249), the major
criterion bteing its spectral content making it suitable
for monochrome TV, "P—#Hecay curves are thus rarely given,
This should be compared with 0:16% of peak brightness,
4oms after excltation has been removed, for "W" phsophor.

It must e noted that although the figures given
in Table 1 give the maximu: available brightness output
from the CRT conscidered, the actual output depends on
the beam current used (the other parameters being usually
fixed), which depends on the available video signal at
the input of the tube and the biasing point of this
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control grid relaktive to the cathode emitting the beam
(see Appendix A.9.2) i The maximum brightness,however,
indicates the potentially available light output from a
given CRI.

4.1,.% Buildup Characteristics of "W" Phosphor
The fact that some remanent. light output remains

for longer than the frame time interval, makes it clear
that the light output, and hence brightness at any instant,
is not only due to the energy delivered by the beam

current at the beginning of that particular frame time
interval but also due to the remanent light output from
previous excitation,

Thus at, say, the n-th excitation after new
data has been displayed at some point, the average bright-

ness is
n=1
BAVD. = BAV + -_>: BRl [ ] L] L] - e () ' ] - ] LI'.S
i=1
where "BAVn" is the average brightness after the n-th

excitation,

"BAV" is the average brightness due to the
incident beam energy,

"BRi" is the contribution due to the remanent
brightness of the i-th-prior excitation.

For new information displayed on the CRI screen
during the first frame interval, there is no remanent

Z Bpi = O
1=0

brightnessj thus
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'hus the difference in output brigatness between
the stecady case oric!'tness after n-frame time intervals and
the initial frame time interval brightness, AB, is

n-1
AB:ZBRi............M.é
i=1

This should be as small as possible compared
o, "
with BAVn'
It can be shown (Appendix A.9.4) that

[l =» oo t 0o

= | :
E By = — B(t) dt. o « . & o o 4.7
i=1 F TF

which when evaluated for "W" phsophor is much less than
10% of B,y,. Hence a variation in output brightness
during the display of information occurs, this being the
relatively small "buildup effect", with

BAv(uorst case) ;;> 0.9 Bjy(steady state).l.8
This luminance variation is relatively negligitble,

The above discussion assumes that efficilency in
converting the incident beam energy into light flux does
not vary apnreciably between the previously unexcited
phosphor and the steady-state previously gxcited phosphor.
The major factor causing any such variation in efficiency
would be changes in temperature of the phosphor, as part
of the incident beam energy is converted to thermal energy.
4s the excitation progresses, the steady state temperature
slowly rises, Any variation in luminance due to this is
negligible (246).
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h,1,L4 Spectrum of ™d" PHOSPHOR
For calculations of expected output signals from

the Vidicon tube 1illuminated By radiant energy emitted
from a CRT phosphor to be valid, allowance must be made
for the fact that the spectral distribution of this
illumination diffzrs greatly from the spectral distribu-~
tion of the illuminaticn from which performance curves of
the Vidicon supplied by the manufacturers are derived,

The sensitivity of the Vidicon, governing its
output signal magnitude, varies greatly with the wave-
length of the incident illuminant, to a greater or lesser
degree avpproximating the spectral sensitivity of the
human eye; a typical sensitivity curve is shown in Fig.66(d)

In Apperdix A.8.2.2 it is shown that the total
output signal current for a Vidicon is given by
A2
Sy sDy.dh amps
A

where “SA"is the photoconductor sensitivity response
(see Fig.66(a))

"Da'is the illuminant's spectral energy distribu-
tion (see Fig.b4(Db)).
and”kr and"%zﬂ the limits of the integration
usually corresponding to 38004 and 76004
respectively, the wave length limits of visible

radiation.

In Appendix A.8.2 are calculated the relative
output currents,when Vidicons having the two major classes
of Photoconductors (See A.10.3.3)are illuminated by 1ft-L
of "u" phosphor brightness and 1ft-L of the standard



illwrinant used in deriving the Vidicon characteristics
as supplied by the manufacturers,

It is shown that for a "Photoconductor class I"
Vidicon, 1ft-C (foot-candle - see Appendix 8.1.5 ) of MW"
phosphor produces about 50% more output signal than 1ft-C
of Standard Illuminant for which the curves are givenj
while for a "Photoconductor class II" Vidicon, 1 ft-C
of “W" phosphor produces about 15% less current than 1£t-C
of the Standard Illuminant,

As a first approximation then, the manufacturers'
curves can be used to estimate current outputs when the
illuminant is due to "W" phosphor.

4,1,5 Summary

(1) Table 1 lists the peak and avarage maximum
brightness or luminance available for several
representative high-brightness output CRIs with
"W" type phosphor.,

(2) The variation of this output brightness at
any time within the frame time interval is
given by the decay curve in Fig. 64(a) approp=
riately scaled by the maximum output brightness,

(3) Relatively insignificant buildup of brightness
occurs, t he variation between the lowest peak
brightness and the steady-state peak brightness
being much less than 10%., For calculating the
worst case CRT output brightness, a scaling
factor of 0.9 is used.

(4) The spectral characteristics of "W" phosphor
jllumination are such that for photoconductors

160
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of "class I} the expected signal output is given
by that read off the output current-incident
illumination (Fig.66(a) (b)) multiplied by 1.5.
For photoconductorsof'class II} this multiplying
factor is 086 (see Fig.66(b)(a)).

4.2, ILLUKIN INCIDENT

TARGET.

LTION ON VIDICON PHOTOCONDUCTIVE

The scanned area on the photoconductive target
of 1" Vidicons (the usual size) is 96 x 12+8mm (4:3
aspect ratin) or 0-375" x 0+5", The display area on the
CRT screen is (H x'BH)mms, say. A 1:1 positioning relation-
ship between the CRT and Vidicon display and imaging areas
is required " (see section 7.1.2).

The most common lenses available with Vidicon
cameras have focal length, "f", of 25mm.

If Magnification, "M", is defined as the ratio
of the linear dimensions of the Vidicon image“H"to that
of the CRT screen object i.e.

96

M = (H in mms)

H

and "F", the "F-number" is defined as the inverse epatio of
aperture, or useful diameter of the lens, "d",to the focal
length, "f" 1i.e.

then it can be shown (Appendix A.8.3.3) that the illumin-
ance "E" incident on the image plane, (coplanar with the
photoconductor when the Vidicon lens is focussed) is given
by
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L
E(t) =T, ﬁ(t). Cos P ...(ft-candlesz..h.9
4F2, (1+4)°

where
"B(t)" is the brightness illuminating the Vidicon
target in ft-L.
"W is the transmission of the lens system
(which allows for internal reflection,
losses etc),and typlcally is equal to 0¢75.
"M" and "F" are as above.
"o" is the angle between the centre of the optics
system and the point on the photoconductor
where "E(t)" is being measured.

. 2, .2
i.e. ¢ = arctan +
£(1+M)
and x and y are the coordinates of the point
in question.

The illumination decreases as'H"increases (this
can be shown by differentiation (i.e. for the smaller CRT s)
and at points nearer the corners of the Vidicon image areas.

nM® for the CRTs listed in Table 1, varies from
o+1t to 0-03., Using an average value of M = O-1 and f£=25mm,
'Cos“¢'is plotted in Fig.65(c). Within the area indicated
by "circle B", cos ¢ is greater than 0-9.

Now the smallest"F-number"in a typical lens is
usually f=1.9 (F varies in approximate step ratios of JE,
up to F=22, by varying a diaphragm). This value of "F" is
also acceptable from its ability to focus curved object
planes (such as a CRT screen on a flat image field (see
Appendix A.8.3.4).

Thus the maximum illuminance on the Vidicon
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target available from the typical CRI's in Table 1, is

given by
B(t) = 22 Cgshw. ?(t)..(ft-candles)..h.1o
ba(1+9)5(1+1)€
= O-OHB.Coshcp.B(t) e a s ¥ s o s o o 4102

and within the Circle'B"indicated in Fig.65(b),

0-039 B(t) < B(t) < 0+043 B(t) (ft-candles)
(when 3(t) is in ft-Ls). SN Bk

4,2, SIGUAL BUILDUP IN VIDICON AND RESPONSE TO "wW" PHOEPHOHX
ILLUMINATION,
4,3,1 Introduction
The mechanism of charge storage on the Vidicon

photocorductive target due to incident illumination was
briefly mentioned in section 3.2.2. The higher the
incident illumination, the greater is the charge bullt up
which, when neutralized by the electron scanning beam at
each frane time interval, produces at the signal plate of
the Vidicon (and hence at the camera output) a correspond-
ingly higher output video signal.

This charge, and hence, the signal, 1s that due
t5 the illunination within the frame time interval of
hOms; since the illumiration is constantly changing within
this interval, having the form of the MW" phosphor persist-
ance curve in Fig.54(a), the photocurrent which produces
the charge buildup also continually changes. The response
of the photoconductor to these changes in illumination must
thus be known to ensure that it is adequately fast to
cnable sufficient charge to buildup within the frame time

interval.
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As hinted at briefly before, the rise and fall
time constants of signals in a Vidicon are comparable with
the frame tire interval; this is for illuminations in
the range of O0s1 - 1Cft-candles, that is, those encountered
in usual everyday surroundings. However the time-constants
strongly depend on the illumination ,decreasing with increas-
ing illumination, It is seen thus that at the beginning
of each frame time, where the illumination is highest,
charge buildup is expected to be fastest, while towards
the end of the frame time interval, the photocurrent will
be greatly reduced, and the time constant, though high,
ensures that little photocurrent flows in the next frame
time interval due to the slow decay in the previous frame
time interval. The CRT-generated illuminance is thus
ideally suited to the Vidicon requirements.

Work done on the transient response of photo-
conductors, particularly in Vidicon applications, and
available data, is scarce. This is due to sSeveral reasons:

(i) There are still some gaps to be filled before
the theory of photoconductivity explains
adequately some of experimental results obtained.

(ii) Vidicons are mainly used for closed-circuit TV
or live-TV applications where illumination is
constant; therefore no need is seen %o research
the behaviour of Vidicons under conditions which

are unlikely to occur,

(1ii) Present day techniques of manufacturing the
Vidicon, particularly its photoconductive surface,
are such that valid models of the photoconductor
structure, thickness etc,are difficult to make.
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Quality control is such that parameter variations
of 50% or more from nominal values are quite
comrion,

Some manufacturers provide “transient response
curves" of the Vidicon to changes in illumination,
particularly graphs of the output signal remaining when
illumination has been blocked (see for example Fig.66(c)).
These curves must be treated with some reservations, as
a secondary delay is also present therein, not due to
photo-conductive effect., The presence of a remanent signal
is detected when the electron scanning beam deposits charge
to neutralize any remaining signal charge. However, as
mentioned previously, the scanning beam is a far from
perfect means of supplying charge to the photoconductor,
this being particularly so at low signal outputs, or to
point to the reason, when the remanent voltage AVT=Q/Cm,
(where "Q" is the remanent charge, "Cm" is the capacitance
of the element associated with the charge), approaches
the potential of the cathode from which the beam was
ermitted. This either happens when the initial charge'Q"
is low (i.e. low illumination) or when the beam has erased
most of tﬁe charge due to high illumination. In either
case, the inability to supply charge results in the charge
requiring a longer time to be erased, resulting in an
increased delay. What the manufacturers' response curves
thus give is the delay of the signal due to :

(i) FPhotocurrent time delay.
(ii) "Capacitive" on "Beam Discharge" delay, which
becomes significant at low values of the

remaining signal,

To extract a meaningful decay time constant of
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the photocurrent,only the initial decay, near the high
signal output, should be used.

The "beam discharge"™ delay is not present at
photocurrent and signal charge buildup; and for thnis
reason, observed rise-times of photocurrents have always
been stated to be faster than photocondive decays (252).

L.3.2 Rxpopnential Rise and Decay of Photocurrents
It has been usual to assume (and tentative

theoretical reasons have been put forward to back this

up) that photocurrent buildup and decay is governed by an
exponential law, although, similarly as for phosphors,
combinations of exponentials and power law relationships
can be used to best fit the observed rise times and fall
times., In this study it is assumed a single time constant
governs both photocurrent buildup and decay.

It is easy to show that the general relationship
for any puildup or decay governed by an‘exponential rise

or decay law, is given byf

1(6) = I, + (Igg - I) (1 - exp(-:-t.r")) ERNEP

where “I(t)'is the resultant quantity (such as the photo-

* For example with initial value I, = o,the above
reduces to the usual buildup expression

I(t) = Igc (1 - exp(%% )

For an exponential decay, with the initial value I,, and
final value Igy = o0, the above reduces to

I(t) = Io exp(3)
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current) at time "t",
dinS pifs BliE initial current at time t = O,
“ISS" is the final current at time t =00

" is the time constant governing the buildup
or decay.

In section 4.3.4,it is shown that the ave-
rage photocurrent "ip“, for any given illumination "E",
is equal to the signal output current "i ", for that
illumination "E" (obtained from the "I vs E" curves
supplied by the manufacturers (see Fig.66(b))), divided
by “m", the number of point elements on the Vidicon target,
which ideally is of the order of 45 x 102 (but in practice
of the order of 35 x 105).

1(t)

Thus ip(t) = == R S

However, it is simpler for our purpose to use
is(t) =m ip(t) in the expressions for current buildup;

this will become evident below.

In evaluating the photocurrent buildup and decay
using expression 4.12, an iterative method must be used

» ",

as"iom, 1ss"andﬁ173re functions of illumination "B", which
for "d" phosphor illumination, constantly varies witn time
within a frame time interval; thus"i S(t)z"iss(tf‘and
“T(t)" are themselves functions of time. Analytically, the

expression is extremely hard, if not impossible, to solve.

For small intervals of time,"zstii not necessar-
ily of equal length, the illumination"E(tY'can be consider-

>



n \ 0
ed constant, thus making iss(t)land'f(t)“constant over
that interval.

Furthermore, for At < T(t)

- A3 £
(1 - exp (—-__li» reduces to =
T T(t)

Hence expression 4,12 reduces to the iterative

form £ At

A
i(At) = i, * (iss(—é—) B 5;0)'?.'(‘3_'5) '
2

. L.k

At any arbitrary time,within the frame time

-t

P (e at) = 18+ (106 + 4D - 1) T{EAY)

. . . h.k(a)
where "is(t+At)" is the signal current (=m.ip(t)) at
time "t +At",
ni(t)" is the signal current at the beginning of
the time interval "At", (and evaluated at the
previous iteration),
"J. (t+ A%) is the signal current read off the

interval

"I vs E" curves for an illumination correSpond-

ing to time "(t+ﬁt )" from the curve in Fig. L66(b).

and "z:(u-ﬁt U is the time constant evaluated at the
same 1llumlnab13n as "i M 1is; the expression
for this is given below.

4.2.3. Photocurrent Time Constants
An expression for T(t) has been found in section
A.10.4 The form of the expression was suggested initially
by graphical curve fitting to the few availlable time
constants of Vidicons, at various levels of illumination,
in the literature; however its present form is based on
theoretical grounds, and when ust'to evaluate time

168
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constants for which data was available, the calculated and
given values of the time constants check to within +15%.

There are two types of photoconductors of
interest, called Class I and Class II Photoconductors
respectively. It 1s shown in Appendix A.104 that

(a) for Class I photoconductors

Y -1
T = Rd. C. ID.(E)

- (Seconds), . . . U415
4-2 x 107

where "Ry" is the "dark current" resistance, obtained
from the "Dark Current vs Vs" curves supplied
by the manufactureres and evaluated at a
particular"Vé'(see Fig. 66(a)); it is of the
order of 1071,
ncH s the capacitance of the Vidicon photocon-
ductor target, and is of the order of 1500 pF,
“IO" is the signal current at an illumination
wWEN of | ft-candle at the given current, and
found from the "Is vs E" curves or "light
transfer characteristics" (see Fig.66(b).
"E® js the illumination in ft-candles,
" is the "gamma" or slope of the "Is vs E"
curves and is the order of 0¢6 - 0-7, but may
decrease to about 0¢3 - O°4 at very high levels
of illumination.

-

6

The factor 42 x 107" arises from the number of
ohotorns in a ft-candle of illumination incident of the

Vidicon target.

Typically for a dark current of 0-0Z2ua,

-0°3
T = L5(E) m35 ("E" in ft-candles). . . . L.15(a)



(b) for a photoconductor of class II

R.. C. I_.(&)YT
T = _d o (dl) e L - L Ll L] - . L] L+.16
o2 x 10%(a + lib)
where the quantities Ry, C, I, &, ¥ are ac above

and a + b = 1
1 <M < 10 and depends on the "dark current",
increasing with it,

Typically for a dark current of 0<02ua
T =25(8)%2%ms, ("2" in ft-candles). . .4.16(a)

The accuracy of this expression 4.15, when
evaluated is rather poor. The e2ract nunericel values of
nat, "p" M"" cannot be stated with any certainty as they
depend on the knowledge of the solid state structure of
the photoconductor, one of the quantities which is
difficult to determineyas stated previously. !Moreover
this informatisn is rarely released (even if it were
known!) by the manufacturers to safeguard'proprietary
rights!

Tie nuierical values given in expression 4.16(a) are based
more on experimental values given in manufacturers' data
sheets rather than on expression 4.16 and in our case have
been weighed in a conservative direction.

4 .3 4  Photocurrent Buildup
The current buildup curves can now be evaluated
using expressions 4,14(a), 4.15(a) 4.16(a), as all the
values therein can now be evaluated for a given illumina-
tion “E" and thus can be evaluated at any given time "t",
A sample evaluation is given in Appendix A,10.4.
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Curves are plotted for
(i) several values of peak illuminance "E(t)peak"’
knowing the capabilities of CRT luminance and
Vidicon lens light-catching ability (see section
L,2).

(i1) for several frame time intervals to indicate any
current puildup over severzl cycles and to
determine photocurrent flow remaining when
illumination has been cut-off (i.e.at display
locations requiring to be'erased!),

(1ii) for several values of "i ", the "dark current",
at the same level of illuminance (only plotted
for a photoconductor of class II).

The data for the buildup curves calculated and
graphed have bezn taken from existing Vidicons represent-
ative of class I & II photoconductors for which data is
available (namely "dark current" and "current sensitivity").
The current amplitudes are modified by the factors indica-
ted in section 4.1.4 to allow for the different spectrum
of ™A" phosphor from the Tungsten Filament Illuminating
source used by the manufacturers.

The resultant plotted "photocurrent buildup"
curves are shown in Figs.67(a), 67(b).

At the first frame-time interval "i ", the initial current
value, is taken as the dork current "i,". At subsequent
frame time intervals, the initial current is the photo-
current flowing at the end of the previous frame time
interval. .

From these curves the expected signal current -
output due to the scanning electron beam at the end of each
frame time interval can be easily deduced (see however
section 5.2.).
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pburing a rome time interval, the charge “Q:
built up at any voint on wnicii an illumination of peak
brightnesc "Ep" falls is clearly given by

Tp
Q = f ip(t) dt ° . e+ s . s 0w @ ™ ° . )‘l'.17
9]

where'0 to TF"is the frame time interval.

This charge'Q'gives rise to a potential AV, at
that point in conjunction with the capacitance "cm" at
that point througin the usual relationship Q = cmAV,,.
Now the scanning electron beam acts as current source and
neutralizes this charge"Q"via a discharge current trans-
mitted to the signal plate and hence detected at the
Vidicon tube output as the required signal output. Assum-
ing complete charge eracure (see however section 5.2), the
beam heutralizes this charge"Q'in the beam dwell-time_"Té;
at that locationg this"dwell time"'is of the order of Oxlus,

‘ AVT . cdv
Thus 1. = ¢ Tg- (from i = _EE) .. 4,18

A4S a constant-velocity scanning beam is used,
the whole Vidicon image area of"m'locations is scanhned in
approximately "TF", the frame timz interval (neglecting
that fraction of'Tﬁg spent in flyback time etc - which is
typically of the order of 10%)

Thus m,T

d - °F

>

T
. AV l
and thLlS l: '’ m. cm- ° ® L] o = . . . L L] L] ° l19

[

]

and supbstituting for Q from 4,17 and Q = cmAVT,
then

|

1 = = m"ip(t)odt e ®© © o @& e o o oL".zO
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The resson for plotting i (%) = m,io(t), rather
than the photocurrent response,ip(f)*becomes apparent now.

The putput current sigznal is merely the mean of the area

9)
under the current buildup curves for each frame time
interval as plotted in Flbu.07(a)(b) From these the
curves Figs. 68, 69 are Dlhbted.

o

Hence from the means of tnose current buildup
integrals (obtained by graphical approximations as analytic
expressions, s mentioned previously, are difficult it
not impossible to obtain), the output current signals

Wi M, for the followlng conditions, ars talncg~

(i) the output current expected & after new dlqpl?Yllxar—h
mation has besn input - call this "ig". This is
proportional to the area of the first cycle of
Figs.67

(ii) the output current expected after the display infor-
mation hes been displayed for some time, call this
“isn“. This is proportional to the area of the
3rd cycle in Figs.o7.

(iii) the outpub current expected after the display infor-
mation has beén erased, due to remanent photourrat
existing - call this "isei”' This is proportional
to the area of the 4%th cycle in Figs.87

It is clear fromw-the #igs.67(a)(b) that

(=)

i i . i
lee< tei < sn »

L.%,5 Vidicon Outout Signsls

L

Vidicon oubtput signals are required to:
(1) pronde tne refresh information for the next

frame by feaeding this signal 1nto the (Gt
(2) be availzble for processing by the CPU.

nsooom Wi " gpe these two signals;
Clearly 1gs and 1qp S 3

their amplitudes vary, yet the peak luminance regulred at

the CRT at all frame times, which they initiate, are to



Facing p.174

e . - 21.3
g T
O .
'L:---i.'.'.' I i
Hi den t e
# ﬂ" lgi il G
T e fiity
o -CONDUCTOR (72624}
E i Eltle= 400ft -Gt
| g T ‘ I S
b 107
a8 i i -
Fil i >
i =
T Hriey >
i iy
i il
; 3 f'i'i‘i 5.34
! : *f'lh.-‘f
f=y o 1 e H 1t
A RS m
(| Lea Pt ?L e
ot i UNREENS EE VR R TR TR -'.'.'.HL_’o

o

0.02 0.05

ip _ DARK CURRENT IN UA __
Figure 69. Output Signal 1, ve. Dark Current

( and hence vs. Signal Plate Veltage).




be constant, The signal current when no illunination is
present, “isei"’ is an unwanted signal and must not
reinitiate the refresh cycle.

A Level Detecting Circuit performs both of these require-

ments, If the switching level "iL1" is set so that

igey < g3 < igir dgp v v v v o s LL21

then no output occurs for the unwanted signal "i, .", and
1]

a constant output signal results for "isi" and "isn )

Due to the variation in illumination across the
Vidicon (section 4.2), and the reduction in illumination
in the first frame time interval after display input (due
"to phosphor buildup effects - section 4.1.3), "ip," must
be set to cater for the worst case signal,

iSe] < iL1 < iSi e ] [ [ ) [ o L+.22
centre edge, first cycle.
Buildup effects in the phosphor contribute less

than 1C% of the luminancej thus "i ;" need be evaluated
at 10% less than its nominal brightness wvalue.

Thus

BEdge illumination degradation is about 10% of
that brightness value again,

Thus the worst case,"first frame time intervaf‘
current signal, at the edge, is due to an illumination of
80% of the nominal value. - The resultant "1, "is
plotted in Fig.68; the construction HEESERCENE
is self explanatory and given in Fig. 70.

The discricination between the output current
signals at various levels of illuminance can be obtained
quite simply by normalizing these currents with respect

174
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to "1 ", as "1,," 1s the usual steady case signal current.

In practice these curves in Figs.68-69 need be
modified to some degree, allowing the actual discrimination
betweernn the various classes of signals to be determined.
The osutput current signals are modified (invariably with
the result that the discrimination between the required
and unvanted signals is lowered) due to the following
reasons:

(1) the incomplete discharge of the stored charge
"Q" by the Vidicon scanning beam,

(2) the loss of scanning beam energy, the magnitude
of which depends on the angle of deflection of
the beam with respect to the tube axis,

(2) asymmetry of charge discharge due to the unilat-
eral direction of travel of the scanning beam
during the raster scan.

The resultant effect of these is described in
the following chapter. The degree of signal current
modification due to these various effects is left till then,

Modifying slightly the curves of Figs.68-69
makes them still of considerable use.
Equation 4.19 can be rewritten as
5VT A
i = (m.Cm) .—-rI\; [} . . . e . ° O . ° O o)+ .19(3)

S
T

and thus Uy = TE 1 = 1F i v v v o v o . 423
me
m
wheare "SVT" is the surface potential change associated

with the output signal "i ", rather than the
surface potential " AVL" of the photoconductor,
“TF", the frame time interval, equal to 40.10=2

seconds,



"C" is the Vidicon target capacitance and equal
to about 1500 pF (and equal to m;m)

Hence evaluating,

SVT = 267 x 10

Cly v v et e e L h25(a)

This can be indicated on the R.H. ordinate axis
of the curves of Figs.68-69,

The actual values ofﬁswf“correSponding to any
given AVT (allowing for beam discharge effects), are read
off from Fig.74. Consequently knowing'aVTf the output
signal currents "is" can be simply read off these curves,
The operative values of's%{kunder varying conditions is

left till section 5.2.3.

4,3.6 Response to User Specified Inputs
A second set of current output signals is of
relevence, namely those generated by the light pen during
user-specified graphics input or user-indicated display
features for CPU processing or for erasure.

For the inputting of graphic information, the
illuminance must be such as to result in an output signal,
labelled "isui" so that i..;>17¢, and hence become part
of the display information., The spectral composition and
time variation of luminance of the light source may be
different to the CRT luminance. The form of the photo-
current buildup may thus be different to that found
above; the buildup and hence the expected output signal,
will be left till section 6.6,

The second typé of signal,resulting from point-
ing to displayed features, needs be differentiated from
the above. A sacond Current Level Detector is used and

T



enabled "ON" whenever these signals are required.

Calling the signal from an indicated feature for CPU
processing, "isun"’ while the signal from a feature to be
erased, "i_ ", the second level detector when enables,

sue
must have its level "iL2“’ such that

isn, gy <: o <:.isun, lope =+« ¢ .2

The signals "i_ ", "igue"» are obtained by
superposing the light-pen emltted luminance” Boa N(t)'on the
CRT generated luminance' ECRT(t) "at the CRT screen. Clearly

then the luminancesadd, to result in a combined illuminance,
E(t) = ECR‘E(t)*EPEN(t) ® ] ' @ o - L] - L) L".25

1] in) 3
Thus, as ﬂ'sLm’ E;sue > “sui . . . . . . b.26

then i isue > lggp @ v = = v o - 4.26(a)

sun,

4c "icui" need be of the same order as "isn"’
"isi"’ then as the illumination due to the light pen is

"ns; nu " non
constant for both "i_ ." and isun, iSue R then

Epay(t) > Bopp(t)e o o v v v v v v L4.27

From the above expression 4,25, the total

illuminance ET(t) thus can be

E(t) > 2Bopp(t)e o v v v v i 4,27

For. the "3rase" signal in particular, the subse-
quent frame time CRT illimination ideally need be such that
= 0, while the remanent photocurrents,still flowing,

“CHT
generate an unwanted signal "i. .. ". This signal, being



Facing p 178

FROM YIDICON

0UTPUT
FROM LIGHT
s “PEN SWITCH
iy s, Lsn Lsun Wi
LEVEL {sui, lsue and
DETECTOR other unwanted
T signals
TINING
= AND CONTROL | <Y
=L s
i/0 =
- ESUE
LEVEL P
10 CPU DETECTOR
ISUN
?igure 71. Legic for Vidicen Outpub Slgnsl Precessing
TYPES OF VIDICON CAMERA SIGHALS TO BE PROCESSED
~ BY "IL1" AND "'L2” CURRERT LEVEL DETECTURS
,IislGNAL!REOUIREMENT WANTED " EXPLANATION
%) i b
> :Z; e ?isi>i11 ’ yes 1st signal after CrU Input.
o — i B
M T [ - i, & S atcady stata signal after n
g a fsn fFlsi >‘M f yes r;frecm cyelzas
S < ] . st signal a fte ru ecified
g 2 1 ise] } lse1’ <1L1’-' F10 1:";8?'1].‘[_‘%{} S s .
o O 3 § It a0 - - VOTT
- . : 3 i nth'cyecle signgl after CrU
S 1 igei | tsei Ll PO specié‘ied erasurs
) %isui> i} yes ~ 1st signal after User—‘Input.
) K T S signal from a user indicate
@} Usun g Tsun L2l Y5 ) Gisplay location.
i 5 . e
L] & i . 3 3 i N ser-ihdicatced
> i i af¥ ves signel Irom a user-indicace
E sue § sue> Lg-j ’ dieplay location for erasure.
(&) 3 el
oz : ] " 1st signel after user- oec'-—
S suee§ neeCL1 ff 0O 1 rieg e*’esm_gl




178

due to a much higher illumination than "i_,%», "i_"
gi 9 | dg, may

even be comparable in amplitude to "i _.v, V"i_0" i¢
si ! sn, which are

wanterd signals.

The signal current "iSee" is plotted in cach of
the set of curves in Fig.68. It is merely "i ", evalu-
ated at 28(:) but plotted at the llluminane\p(t) (see
the sglf-explanatory constructicn in, Fig. 70).

Clearly phouoconductor Clacs I is unsuitable

for our purpose as lsueeag leaving little or no

512
. b : v '
discrimination for the Level Detector,lL1

Photnconductor Class IT is still very suitable

far our purpocse. Since presunably durlng tha time when
display features &ar beirg pointed to, care iz used in
superposing tae Pen over these display features and
Myriting® speed is reduced, then some means of reducing
the light pen luminance source can be introduced during
the time tre pen is used in the pointing mode. When

this light source isS itself the CRI (or parts of the CRT

screen), the control of ‘1izht pen luminance can be
sccomplishéd at electronic SpeedS. fhis is further

Jiscussed in section O. 6.5 - 0.6, 8. CWF

o &
~ £

- 74 tiYustrates Lhe Signal Level Detectlng 1ogic.

Tadle 2 ,deflies the magor classeq »f signal
outpube from ths Vidicon camera and their relative
amplitudes nacessary to satisfy the intended requirements,

L 2.7  SUMLARY

(1) 4ithin a frame time interval of Loms, adequate

sighals nmust ue zenerated in the Vidicon cam€ra
tn be dabtechbed and to rastart and maintain thne
display-refresh storage.



(%)

(3)

(1)

(5)

(7)
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The time constanbs governing signal buildup

in Vidicons are significant compared witn the
frame time interval, except at high levels of
illunination,

The CRT "." phosphor luminance is extremely
suitable having the conditions of a very high
illumination for high signal buildup at the
beginning of the frame time and low signal
outpus at the end of the frame.

Zxpressions for the time constants governing

the rise and fall times of the signal buildup
have besn derived,.and in conjunction with the
general expression for exponential buildup or
decay, typical current signal output curves have
been derived based on data readily obtainable
from manufacturers' curves (Fig.67).

From such curves the relative ratios of the out-
put signals for various conditions can be
obtained for various levels of peak illumination.
The level of illumination required, and hence
the required CRT, can be determined for a given
photoconductor (Fig 68-69).

Cnce having selected the levels of output
currents, the luminance required from the light
source supplying the user light pen can be
specified. (&xpression 4,27).

The above are based on the assumption that
complete charge erasure dccurs witnh the electron
scanning beam to generate the output signed; this
in fact, is not quite true and the effect of the
beam scanning on the amplitudes of the output
cignals is dealt with in the next chapter.

e

..........I.ll..
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CHAPTER 5
BEAM DISCHARGE OF VIDICON PHOTOCONDUCTOR

5.1 INTRODUCTION
The curves in Figs.65-69, snowing the expected

outout curreat signal for various starting conditions and
levels of illumination, assumed that the discharge current
provided by the Vidicon electron beam completely discharged
tha built up charge "G" (giving rise to the pouentlal'Af”)

during the tram dwell time.Td, which i1s of the order 0.1js.
This assunres that the scanning bteam 15 a perfect current
sopurce; in fact it is far from so, particularly at low
values of stored charge., The result is incomplate stored-
charge discharge during the initial scan, leacing to out-
put signal reduction, thus bringing the required signal
“isi" and the unwabbed sighals levels "iqee" closer to-
gekLher, reducing the discrimination hetween them, <YThis

signal reduchion is also known as "beaw discharge Lag"

or Wecapscibive lag" mentioned previously in section b.3.1.
This signal sutput reduction and any other factors
¢ontributicg to oubput signal reductions need be investia
sated.

& Becond effact, due to scanniug, re:ulbts because

san 1s deflected across-a finite target area
9

Siie scanning

—_—

Be
of some 12+8 x bmmg, on a flat target surface. The scanniig
besm thus does not land normally on the target at points
away from tne centre of the target. 4gain this has the
efTect of incompletely discharging the stored charges, the
deviation from complete discharge becoming progressively
larger as the deflection angle increases. The incomplete
discharge czn be predicted at any given landing angle

and thus at any location on the target; thus it can be
compensabad Jor, Alternativelyfcarefuf Vidicon tube



design, resulting iu certain electric field distributions
existing near the target and ensuring that the beam lanhds
normally at all points on the target, is required.

A third effect, which is extremely difficult to
calculate quantitately, is more selective yet in the
oukput signal degradation., The direction of movement of
the scanning beam is asymmetrical witn respect to the
7idicon target centre. The beam sweeps, say [rom left to
right and, more slowly, from top to bottom, that Bbeing the
usual Yraster scan". Now on the photoconductor target in
the vicinity of the beam, a potential difference exists
hetween the location just previously scanned and the loca-
tion about to be scanned, resulting in an electric field in
the direction of motion of the moving besam, giving a local-
ized deflection of the beam (of significant magnitude) away
from the normal; this appreciably changes the angle of the
beam with respect to the normal to the target surface. The
nominal angle of the scanning beam to the normal due to
scanning varies from say "+o¢" to "-¢" (see Fig.77). The
localized electric field beam deflection shifts the beam
by say "+e«'" degrees unidirectionally - hence the angle of
the beam at landing varies fror (¢+«) to (-¢+e); this angle
is asymwetrical, wit., the result that asymmetrical devia-

tions from complete discharge occur.

The difficulty in predicting the magnitude of
this effect is apparent; it varies with the initial stored
charge (and thus with the illumination), the characteristics
of the beam, and the resulting field configuration between
the target and the accelerating mesh, Qualitative results
however, can be predicted (253).

~

Thus three major effects lead to the degradation

of the output signals, These are :

1581



(i) the nature of the discharge beam itself.

(ii) the angle of the deflected beam (effects of which
are predictaile and hence may be compensated for
easily)..

(iii) the asymmetry of the scanning direction with
respect to the photoconductor target and local-
ized electric field effects in the vicinity of
the beam landing locations,
4lso variations in scanning velocity produce
similar output signal defects.

It will be shown in the following sections that
the magnitude of the degradation of the output signal 1is

not very significant in our application.

liowever, because the literature on Vidicons
mentions"beam discharge lag'and other output signal degrad-
ing factors as having considerable effect, the explanation
of the causes and resultant maghitudes of signal variations
nezd be given,
I'he degradation of Vidicon sigral output may De (and is}
certainly unoticeable in low-level, live-scene Vidicon
application, but in our case, where Current Level Detection

is used, the degradation is not so serious enough,

5.2 DBIAM DISCHARGE EFFECTS
5.2.1 Introduction

The electron Beam of "ib" amps originates from
the Vidicon cathode,which 1is usually kept at ground poten-
tial (OV). After being accelerzted by the final anode and
mesh, both of wnich are at some +300V, it is retarded by the
retarding electric field'gR“existing between the mesh and
the tarzet potential distribution I'AVT"which may be up to

+10-15V.
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The separation between mesh and target is of the
order of 2-3mms, This retarding fieldagé ensures that
secondary emiscsion is kept negligible and that the electron
beam lands normally to the photoconductor surface. ©So long
as BV>V «opopg (Z9V), the beam lands on the target
giving rise to the discharge or "target current", "iT"
where

y for AVn>0. ... ... .5.1

This is called the "normal current range" (251,252,253).

However due to tne electron velocity distribution
of the beam,an "intrinsic current range" also occurs, which
i1s of the form

ip = ib.exp(a.AVm), AV £ 0. o 4 v 5.2

where "a" is a constant of the order of 10.

The "current vs, ANT"*curve over all ranges of
) AV&'is called the "beam acceptance" curve. Practical beam
acceptance curves vary from the ideal curve described by
expressions 5.1 and 5.2, due to:
(1) a shift in the origin where the two curves meet,
by some AVb = 2V, due to a contact potential
(see below).
(2) the slope of the curve in the"intrinsic range,’
defined by "a" being not 10 but some value below
10, is less steep than that predicted in express-

ion 5.2.

Several curves, one ideal, the others derived
from (251,252) are shown plotted in Fig.72(a).
The actual method of obtaining practical beam acceptance
curves is to use "Vidicons" with the photoconductor layer

omitted, and just the backwplate present at some“VS"
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. .
correspouding to "AVa. These modified "Vidicons" have

been shown to approximate the actual case (253).

It would appear at first sight that the presence
of the intrinsic range is of no consequence as the signal
plate voltage"VS“(see Fig,62) is always positive, leading
to a positive "AVT"due to "dark current" flow, and any
photocurrents flowing always lead to a positive N
However, a "contact potential (see Appendix A,10,2) of
some +1°8-2V exists between the photoconductor and the
electron beam; the actual value depends onh the type of
photoconductor used. Electrons whether from photons or
beam electrons,must have a minimum energy of about +2eV
to be injected into the photoconductor to generate4or
become,carriers, a fact often forgotten or omitted in beam
discharge effects, This has the effect of changing the
norigin" of transition between the "normal"™ and the

wintrinsic" current ranges.

Thus the above expressions now become?

iTzib -o.o..ooovacoo-(AVT>2‘I.‘- Cf 5-“‘(8.)
and i-]j = ip,.exp (a.AVT).....( AVT<2V). - 5:2(a)

5,2,2, Beam Impedance
As a rough approximation, expression 5.2(a) can
be differentiated,to result in an effective beam impedance
"Rb" (see Appendix A.7.2 ), where it is found that

R = —L— . this is of the order of 10%-107% .
b a.iT ?

It is further shown in Appendix A.7.2 that this
impedence‘Rﬁ'leads to a Time Constant

S _ _ _cC
T.Cg = RiC = a.TE_

184



18

where NCY is the Vidicon target capacitance (=1500pF)
Pa" the beam acceptance constant with a nominal
value of 10, but in practice varying from

2 to 5 (252).

hiT" is the tazget current.

At target currents of some 0<O5uA, when"R;

becomes operative, "T'CB" has values of the order of 5-10ms.

and progressively increases as "iT" decreases.

5.2,3 Beam Discharge
During the discharge of AAVT by the beam
current'ig, during the dwell time T ;=0-1us, the target
current is governed by the usual relation

g =e o & AVp)
dt
where "c " is the capacitance of a single target
element (and equal to about 1500 pf = 3-3x10 15F)

i

Solving this expression in conjunction with
5.1(a) and 5.2(a) (see Appendix p.7.2 ) results in

N ]
AVT(t) = ib E; , for AV, > 2V . .5.3
and -ib(g-tg) = % (exp(-a.AV(t) - exp(-2a) ).
®m
for AVp < 2V. . . . 5.k
where the symbols are as defined before and “t " jis

the time taken for A\l (t) to reach to +2V
from the time that the dwell tlme Td begins.,

These two expressions may be plotted for "‘AVT(t)
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vs, 1ime" for several values of beas current "i'I around a
nominal value of i, = 1uA. The actual express?ons plotted
are derived and given in Appendix 4,7.4 § values of
cm=3.3.10"m2£ a = 3+5._and four values of "i,", are used.
The result is shown in Fig.73.

These are ideal curves in the sense that a
constant value of a = 3¢5 is used. In practice, as can
be seen in Fig,72, "a" varies, with the result that such
actual curves would exhibit some non-linearities around
the value of AVT(t) = +2V,

Thus if"AVT(t)",the Vidicon target surface
potential is known, then,"Té’seconds later, (i.c. a
"beam dwell time instant" later), the remaining ZSVT(t),
labelled AVTR(t),can be found. The pett chamge in
potential

BUp(t) = AVL(t) - AVyp(t)

is thus the quantity contributing to the output signal

"is", thus: '
i =c , 8Vp(8) s e e e o« J(from 4.19(a) ).
S m T

d
o 0
As curves in Figs.68-69 have 6V..(t) also shown,
the resultant signal output current can be read directly
of f Fig.68-69,

From the curves in Fig.73, a more useful set of
curves can be obhtained. For each value of FAV Y for a
particula: acam current "ib", "V {(E)" can be obtained.
Plotting " AV, (t) vs 8V (£)" for a dwell time T, = O.1ns,
results in Fig,74. From curves of Fig.74 and curves of
Fig.658-69, actual output current signals allowing for
nezam discharge defects from the Vidicon can be obtained

directly.
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The lower curve in Fip.74, being §V,(t) units
Below the "A\h ‘curve is called the "voltage stabilization

curve, A JTS.

5,%. £H0T0CO.:DUCTOR POLENITAL STABILIZATION
5.3.1 Introduction

During any frame time interval, there is a charge
vuildup resulting in a resultant’AVy just prior to beam
discharge; this buildup is due to either photocurrents or
ndark currents". The steady state or equilibrium sutput

signal clearly occurs where the nett potentlal risg during
a frame tine interval is equal ©o 5VT(t), the discharge
notential difference. Any changes in illumination whethar
due to riew display informaticzn, or L0 display erasure,
imply sone suildup or dacay efiect over saveral frame tire
intervals.

"he two stzady stabte conditions are clearly :

(1) no information displayed for at least several
frane time intervals.
(ii) information displayed for at least several frane

tire intervals.

©.3.2 Dark Currsnt Stabilizing Potential (Fig,.75(a)
P51 no inforuaticn displayed, the target current
flow “LI“ is due to the “dark" current during the freme time

intervaly this is equivalent at tne output to some current
value of say 0-O1uA, when the charge bullt up by the "dark "
current is discharged during the dwell time “T This
output current being due to a nett discharge, fhe potential
ch:ange associated with the dark current of 0-01pA can be
read off from Fig.68. For a photoconductor class II (a
Vidicon 72624), this is due to a' SVT of about 0+37. Call

this SVST DARK =03V,
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From Fig. 74, this gives a value of AV T DARK
of some 0-6-1.3V " depending on the beam current, prior to
discharge. The ordinate on the Voltage stabilization

. "
curve"tsVSTD" corresponding to S%TDhﬁgis the “dark current®

stabilization potential i.e. at locations where no display
information occurs,this is the value of the surface
potential imnediutzly after beam scanning

The above is shown in Fig.75(a).

5a3s3, Signal Buildup of New Display Information

Assume new display iunformation is injected at

ome location. From Fig.75(b) thlg provides some hett
additional charge resulting in ISWI1. After tne first
scan dischzrge the surface potential drops by 5%.1,
leaving a net undischarged potential "dV" compara2d with

' P )
BVsi pai, where

4V =07gry -AVgp puzg

In practice the maximum accumulated "dV", callad
" R , canh be seen from curves of Figs., 74,75(b) to be less
.Ja.
than about 1V,

In actual cases, the upper curve is slightly

steeper at higher values f"AVT ¥, thus allowing the

steady state condition Lo be reached in several {rame times,

The maximun differe;ce in the output signal between the
initial siznal out and t‘e steady state value can be scen
to be no larger than I‘R "(see Fig.75(b)), and is of the

order of a volt. ths"V,é is relatively insignificant

with the sighal magnitudes in queuulom. At low output
signals encountered in [V-work this may be noticeanle as a
uildup effect in brightness.

The bulldup process is shown on Fig.75(b).
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0.3 Signal Lag after Erasure of Displav Information

The remaining signals seen at successive scans
after display information has been erased is shown in Fig,
75(c) . From Fig.67(a) and 67(b) it is clear that photo-
current still flows after illu:«iration has been eliminated
and the resultant unwanted outpuft currents or rather
equivalent charge buildup AV can be obtained from curves
"iSEf‘énd "isq_“of Fig 68, These resultant AV, increases
give rise to the increment, labelled' svwﬂ? in blg 75(c)
resulting in the nett 5Vmﬂz" uischarge at the subsequent scan
intervals,the photocurrent buildup 1s prbgressiveLy small er
and so are the output signals.

0,3,5 liagnitude of Begm Discharge Lag or "Capacitive
Iagll

It is seen that if AVg,) the stabilization voltage

curve has zero slope then no delay and hence no output
signal degradation occurs due to beam discharge lag. Math-
enatically this is shown in Appendix 4,7, 6(b).

In practice it is seen that the slope of"A VS‘I‘“
is small, giving a maximum"VER: between"sV,"of 15V to's V"
of about 1V, of less than 1 Volt. Hence the eflfect of bBeam
discharge lag can be, for our purpose anyway, uneglected
in comparison with the lag due to photocurrents flowing
after illucination has been cut off. This could have been
anticipated from the fact that I.Cy, the "beam discharge"
Time Constant is of the order of 5ms, compared with the
time constant of photocurrent decay at the end of the frame
time interval, due to "W" phosphor, which is of the order

of = 25ms,

dowever, the " AV, vs, &, and 'AVST" curves form
a useful function in illustrating the actual beam discharge



effect, arlcing Lron causes other than the nature of the
beam itself. These effects are developed more fully in
sections 5,4 and 5.5.

5.4, MODIFICATION OF PHOTOCOQIDUCTOR STABILIZATION
POTENTIAL DU& TO DEFLECTION
The electron beam in the Vidicon tube is
~deflected by a time varying magnetic field superimposed
on a long axial magnhetic field of high intensity which
provides beam focussing (see sec. 9.3.3) and also helps to
ensure that the beam lands normally onto the photoconductor.
The beam is emitted from a cathode at some potentialuvg
and accelerated by the final anode and mesh immediately in
front of the photoconductor, which is at some putential

'V; (usually about +300V).

From Fig.76(a),the worst case angle at which the
beam strikes the photoconductor(the angle deviation from
the normal)@ssuning axial magnetic field does not realign
the bBeam after deflection = sae below), is

¢ = arctan JH2+ Vo' v e e e e 5.5

L

where - ' . .
H and V are the coordinates of the location
where the beam strikes, from the central display
axis (0,0),
and'L" is the length of the region of deflection,
approximately 75mms. in a 1" Vidicon.

For 128 x 9<6mm photoconductive targetzwmaxu

is of the order of #0-1 rads (about 160);
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From section 5.3 above it is seen that the
photoconductor surface just after scanning is "stabil-
ized", or discharged to nominally cathode poteatial
VK(=OV). Due to contact potential, the intrinsic range
of beam current landing,and the presence of a dark current,
the stabilized voltage " AVST" is of the order of 0+5-1V
(Vg+0-5-1) Volts).

Now the energy relationship of electrons in an

electron beam is given by gquating the electric field ener-
gy with the resultant kinetic energy,
e(VA-' K) = 12' MV o o o e ¢ s s o o« s = 5.6

where Wag" is the electron charge
"m" is the mass of the electron
ny' is the final electron velocity
"VA" and "VK" are as above.

| ]
If the beam is at some angle $'to the central
axis of the scanned area, then

e(VA- K) = % mv2Cosz¢ P mv2Sin2¢. . 5.6(a)

[\

Hence from expression 5.6,

e(VA-VK-(VA-VK) Sin2¢) = % mv2Cosg¢. «5.6(b)

or e(V, - I::) =%mv2Cos2cp e e o e o = o 5.6(c)
. ' : 2
where Vg = Vg + (VA-VK) Sin“g
=V, Sing for V., =0
A K

For the acc-lerated electron beam under
deflections the"cathode"potential thus becomes V.
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The photoconductor surface thus becomes nominally
stabilized at Vﬁ = VA Sin2¢. With the contact potential
operative, this stabilized potential "AVg,"is “VAsin2cp + 0.5
Veclts, For V’A;z+300V and Pnax = 0«1, A VSTmaxﬁ 3.5V,

The dark current flowing enables charge to leak away
during the first few cycles after switch on until the

surface potential reaches 'bVéTf

The upshot of this is that the nett voltage
across the photoconducbor is (Vg signal plate - VASihgw);
see Fig.76(b).

The voltage variation from the centre of the
target, where 9=o, to the corner of the display area where

VAsin2¢ = 3¢0V, ‘is then

( VS Signal plate ) Volts
3

Vs signal plate ~

This has two effects on signal current levels:

(i) the signal current is reduced at locations away
from the centre of the photoconductive target.

(1i) the dark current is also reduced at locations
away from the centre of the target.

Ideally it can be shown that (Appendix A.10.2 )

:  _w il
ls - KS VP e ®© @€ o © ® ° & e o o * @ 0507

that is,the output signal current is proportienal to the
square of the voltage across the photoconductor,"vp".

In practice, from the "Is vs B" curves on which

several transfer curves at various "dark currents" are



rlotted, and from the "Dark Current vs V" curves (Fig.6d)
(and hence "Dark Current VS.VP", as the stabilization
voltage “AVSl.f' approaches zero), the actual "Ig vs, VP"
relationship can be found. Thus for low illumination, the
above exponent in expression 5.7 is notq2: but about"1-7y
At higher light levels it is about"1+5% this is for a
class II photoconductor (the RCA 72624 in particular).

Thus . L] * L ) [ l8
i >

| . 2\1%5 w17
1.(¢) deflection (VS -V, Sin:j
\'

s centre S

Similar expressions have been derived in (256).

The reduction in output signal with respect to
the nominal output at the centre of the target is given
thus by expression 5.8 and plotted in Fig,.76(c). Two
values of "¢" are chosen corresponding to the circles
labelled 4,B,C in Fig.65(b).

For a photoconductor of ¢lass I, the exponent
is somewhat higher, about"1+8 - 2¢1. The change in the
value of exponents cause a variation from the curves in
Fig.76(c) of less than 5%.

In Vidicons used for normal TV-applications,
the reduction of output signals due to this effact causes
the "porthole" effect (256). The centre of the image
sppears ot normal brightness, while towards the edges of
the picture, brightness progressively becores worse when

viewed o1 a 1V-CRT.

Similarly the relationship between the amplitude

" " .
»f the dark current and the voltage across the photocon-

ductor is obtained directly from manufacturers' curves,Fig &(a
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where "/" vuries from about 3 to L,

Tie" dark current” being of the order of 0s01ué,
any variaticsu (at most about 9% at V > 15V) can be
neglected. '

In practice (250), the reduction in output
signals "1 " less than that predicted by expression 5,8,
In earl Vidicon tubes this was mainly due to the lack of
uniformit; in photoconductor thickness, ensuring that some
degree ol correction resulted (see section 5.5.7), and
alsp due to the long axial focussing fleld being present,
reducin: the angle %" at target landing. In present day
Vidicon fubes, the latter is the reason for .the output
signal variation bteing less than predicted above,

he correction of this resultant non-constancy
of output signal with deflection is simple and obvious.
Since it is caused by the cathode potential VK apparently
heing"+V sin2¢", then by feedlng in g voltage of
“'VA sin“¢g",derived and controlled from fthe deflection
system, at the cathode, the resulting net "cathode voltage"

is constant and zero, This is described in section 9.3.6,

Thus assuning that this correction circuit has
beern incorporated, the discharge curves in Fig,74. and the
current output signals in Fig.65-69 need not be altered.

5.5 MODIFICATICH OF PHOTOCONDUCTOR STABILIZATION
PCTZITIAL DUI TO ASYMMATRY OF SCAKNING

—— e

Ye5.1 Introduction .
In the vicinity of the photoconductor target,
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and on the target ifself, potentials exist, either due to
the retarding mesh adjacent to the target, at some +300v,
or due to the charge accumulations on the target.
Associated with these potentials are electric fields which
have components orthogonal to the electron beam; thus
opportunity exists for beam deflection by these electric
field components. Any beam bending is equivalent, as
shown above in section 5.4, to raising the cathode
potential and hence raising the target stabilization
potentialy this in turn affects the effective voltage
across the photoconductor, hence the sensitivity,and hence
the magnitude of the output current signal "is". Many of
these elactric fields, and hence the degradation in the
output signals, have asymmetry with respect to the centre
of the Vidicon target, the main cause being the unidirect-
ional scan of the electron beam from left to right and
from top to bottom of the scanned image.

Although the cumulative effect of all of these
defects is smaller than the discrimination intervals
between the Level Detector switching levels and the
largest unwanted signal "isee",an explanation and indica-
tion of the amplitude of these defects is necessary. <Lhe
daefects resulting due to these effects bacome significant
only in Vidicon applications such as in live-or film-

pickup applications.

5.5.2 Beam Deflection due to Rebtarding Mesh Figld
The mesh, in-between the cathode and the photo-
conductor and adjacent to it, is at some +300V and some
omms, distant from the target (although the actual values
may vary from these nominal values). Consequently a
retarding fieldlgﬁﬂ normal to the photoconductor surface
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exists, and is of the order of 1-5 x 1O3Volts/cm, as the
surface potential of the photoconductor is at most,some
+10 -15V,

During scanning the electron beam passes through
the mesh at some deflection angle "“o" (given by expression
5.5). An electric field component equal to "Ep sin¢"
exists, orthogonal to the beam, exerting a force on it
and deflecting it (see Fig.77). The added deflection
tends to increase the angle of beam landing away from the
direction normal to the photoconductor surface (see Appen-
dix A«7.5 ). Due to the non-normal beam landing, elec-
trons, which would normally land on the target, are
deflected and captured by the mesh; the stabilization
potential"[\VST"thus rises,

However, a secondary effect 1s present. The
spot size on a Vidicon target of area 12¢8 x 9+bmms in a
625-1ine system,with about 580 active display lines,is
about 2,107 cms. square; the beam-diameter is assumed to
be of about the same dimensions.

In the immediate vicinity of the beam and the
photoconductor, the stabilized potential'AVg," just behind
the beam is 0+5-1V say, while the potential of the area
just to be scanned is, say, at some +10V, Within the beam-
width dimensions,;n electric field’ﬁ " of some 57?623 =
L.5 x 1O3Volts/cm. exists, tangential and parallel to the
target surface, The component of this fleld orthogonal
to a beam approaching at some angle "@" to the normal,is
B Coquggp, for small "¢", and its direction is such that
it deflects or bends the beam towards the unscanned areaj
i.e. beam-bending is in the scanning direction. This is

shown in Fig.78.

This then is a unidirectional beam bending



effect as distinct from the previous beam bending effect.

The nett resultant beam bending is the result
of the two fields, the retarding field'E} of about 15.107
v cm;,and the localized surface potential field“gg, acting
on a beam approaching the suface at an angular deviation
"o" from normal approach, as in the greater part of the
beam retarding region between mesh and photoconductor,
only“ER“is operative,

The two fields oppose in the Left-hand half of
the Vidicon target area and add in the Right-hand half,“
the resultant being smallest in the extreme Left-hand of
the target surface and largest at the Right-hand or end
of the horizontal line scan, Thus the stabilized voltage
ﬁAVéT"is lowest at the left hand edge and greatest at the
right hand edge.

Call these stabilized Voltages "AVST R-H" and " AVST L-H"
respectively.

The nett voltage across the photoconductor thus

varies from VS - AVST RoH to Vs - AVST L_H

with Vg - &Ver pog < Vs -8Vt 1oH, | .5.10

where 'Vs“is the signal plate voltage.

From "Dark Current vs.Photoconductor Voltage"
curves and "Signal Current vs,Dark Current" relationships
(Figs.66) and for similar reasons as explained leading to
expression 5.8, this implies that the dark current and
signal current are greatest at the left hand side of the
Vidicon scan area (i.e. near the beginning of the scan
line.
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The actual magnitude of the beam deflection
causing this signal amplitude variation is difficult to
calculate since

(a) the nett resultant electric field varies across
the finite beam cross section, causing differ-
ential beam deflection,

(b) the current density distribution is not constant
across the beam and is not always determinate.

(¢) the potential step difference between scanned
and unscanned areas differs from point to point
depending on the incident illumination. Also,
the potential difference across the beam is not
a step but varies gradually.

Reference (254) mentions such a calculation for
resultant beam deflection (or rather resultant stabilized
potential) but being computer solved, and then under
extremely simplifying conditions, only qualitative results,
already predicted above, are reported.

These beam landing variations help to explain
two assymmetrical defects often seen in Vidicons:

(i) The uneveness in current signal, particularly

in the dark current level, from some relatively
high level at the beginning of the scanning line
to a relatively low level at the end of scanning
line (see Fig.30(c)), known as “shading effects",

(11) edge "flare" or "flicker", best described by the
presence at the scanned area edge, corresponding
to the beginning of the line, of a "rippling"
or "waterfall" effect. Continuously rippling
striations of varying and sometimes intense
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amplitude are seen even at low intensity
illumination, when the result is viewed on a CRT.

55923 Dark Current Asymmetry

In Vidicons with no compensating cathode
circuits to correet for beam landing errors due to scanning
deflection (section 5.4), the photoconductor surface is
stabilized at some voltage AVgp = (VAsinch + 0+5) Volts,
which at the edges of the scanned area is in the order of
3.4 volts, The unsymmetrical beam deflection near the
photoconductor may lower the stabilized potential to say
about 2V at the L.H, edge, 3V at the centre and 5-6V at
the R.H, edge.

For a signal plate voltage"VS'of some + 35V, and
noting that id o Vg‘8 (from expression 5.9), then the
ratios of dark current at the L,H. edge, centre of scanned
area and R.H, edge are:

3.8
o 3.8 3.8
Vg = 2 Vg = 3 Vg = 5
(_._S.__) 3(_§._._._-) =( S ) . o5.11
VS -3 VS - 3 VS - 3
Evaluating,

1.12 . T - 0.77
L.H.side centre R.H,side

For a RCA 7262A,the dark current for Vg =32 volts
is between 0-01uA and 0-12ua (259).

The variation between L.H. and R.H. edges may
thus be, in the worst case, 0*05ud which, althougn not
critical considering the switching current level detector
level, is significant.
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6For the output signal current "iS"' variation,
ige V 1. (from expression 5,8), Thus

P
R.,H edge centre R.H. edge
1.6 . 1.6 1.6
.i.s (VS-2 B fé.:-é : _Vs-s) L] ® L] L] 5.12
giving 1.05 i 1 . 0-93
L.,H. side centre R.H side

The 7% or therassbouts decrease at the extreme R.H.,edge
may thus be neglected, since adeguate discrimination-
between the Current Level Detector switching level and

"j.® is provided.

.4

5,4 RBdee Ripple and Flicker

Since the “ripple" or "flicker" effect is visible
on a CRT to an observer when the Vidicon camera output is
displayed, it implies a cumulative eff'ect over at least twod
frame time intervals (and hence two beam scans), and thus
possibly is also associated with effects over alternate or
interlaced fields of a frame (otherwise if the effect was
over one [rame time interval or less (L 40Oms) it would not
be detected by the observer's eye).

The degree by which t e beam is bent or deflected
before reaching the photoconductor depends greatly on the
field produced by the potential difference between the
scanned and unscanned section of the photoconductor
adjacent to the beam., This in turn depends on the charge
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*"built up at the individual display locations, eitbher
due to incident illumination or to the dark current
leakage due to the signal plate voltage"Vé} ahd also on
the angle of the beam incident onto the photoconductor
target i.e., on the beam location on the scanned area.

The beam bending lowers the stabilization potentiaifAVST"
where the two beam deflections oppose and cancel out.
However at locations with high built up charges "Q",
resulting in high target potentials ! AV; " prior to
discharge, the resulting nett beam deflectlng field" EP
may be such as to not only cancel this retarding mesh and
primary beam bending, but introduce some beam bending in
the opposite direction, raising the stabilization potential
anew. blg 79(a.2) illustrates this, The stabilization
potentlal AVCT may thus have an lnlblal negatlve slope at
low 5V“ and a positive slope at blgher 5V i

4t other sections of the Vidicon target, away
from the left-hand side, beam bending becomes unidirectional
for all“sVT'and hence for all nutput signal current
amplitudes., The voltage stabilization curve has a positive

slope within those regions,

It is this nagative stabilization voltage slope
that causes the "edge rippling". Intuitively one can see
that from the curves in Fig.79 some "strange" effects
would occur, as negative slopes 1in device characteristics
invariably imply instability andfor oscillations. In this
case the "OSCilldti”ﬂS" are variations in the output
discharge potentlal 5V, Yand hence variatiﬂns'in output
Slgnal° manifesting theﬂselves as VlSlble Plpples of

varying intensity when viewed on a CRT. In Appendix A+T«6
it is shown that for a negative slope of the stabilization

voltage curve,"&VT"(and hence "i. ") is oscillatory over



sevaral frame times, either as overdamped oscillations
or regenerated damped oscillations. The derivation and
calculations are a further development of work reported
in (254).

The eff:ct of edge ripple is to have dark current

levels near the extreme L.H. edge at up to twice the
amplitude otherwise predicted, due to a cumulative build-
up effect. Consequently the dark current level "id“ need
be kept low to say less than 0-O3uA, otherwise it may be
detected by the Current Level Detector in the worst case
of (fsee. + 1,) being greater than"ILr, and be displayed
as a legitimate display location,

5 Scanned Area Edge Effects

The scanned area of 12+8 x 9«6 mms is located
centrally on a circular surface of some 25mm diameter.
The electron scanning beam accesses only the scanned area
and discharges it with the result that the remainder of
the surrounding photoconductor from the beam side is at a
potential of'VS: the signal plate voltage. Conseguently

at the edges of the scanned area, there are large potential

differences of the order of "VS = AVT".

If "V" is say +35V and " AV max" about +10-15V
under high illuminance, electric fields of the order of

— jQﬁ"-B = 5;103V/cm exist, some 0-06mm or 3
3x 2.10

locations away from the edge of the scanned area. The
direction of the resultant bzam deflection is towards the
edge and thus symmetrical around the centre of the scanned
area and additive to the primary beam bending effects due
to scanning. The effect in the immediate vicinity of the
scanned area edges is a higher stabilizating potential
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WAVST"and hence lower sensitivity and lower output signal.
This is shown in Fig.80(a).

Tan Polder (254) has measured the effect of this
edge electric field for a'Plumbicon: a tube very similar
to a Vidicon in application and construction, except for
the different type of photoconductor used. Dimensions of
the target, mesh size etc, and mesh and anode potentials
are similar, and thus his results serve as good guide for
the Vidicon,

An experimentally derived curve for the stabil -
izing potential"AVST"as a funetion of distance from the
edge of the scanned area and other factors, given by him,

is Vs
AVST = = - 0'0000-5.13
1+63 (Vg . x) + 225( Ve.x )
300 d 300 d
where " AVST" is the stabilizing potential
" VS»” is the signal plate voltage (say + 35V

in our case)

m V% is the anode accelerating voltage (+300V
in our case).

m  x v js the distance from the edge of the
scanned area, where'AVgl is measured.

n d " is the mesh to photoconductor spacing
(2mm in our case).

A simple calculation shows that for the values of
the constants inserted,"AVé&;(eliminating other effects),
is kept below +1:5V for distantces greater than 0.42mms
from the scanned area sides. Thus for the 12+8 x 9.6mus.,
scanned area, some 14% of this area has a AVgp > 1+5V due
to edge effects. As this edge degradation effect cannot
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(or rather does not warrant) be corrected for, the
effective useful scanned area is reduced to some 85-90%

of its nominal area, " AVST“nominal"Vs"" is shown plotted
in Fig. 80(b).

The very large increases inﬂAVST"greatly reduce
the signal, particularly the dark current.(according to
expressions 5, 8 and 5, 9) 1n the first few percent of line
lengths at the beglnnlng and end of each Scanning line and
almost the whole first few and last few scanning lines,
This is shown in Fig.80(c) for a typical Vidicon output
signal.

5,5,6 Non-Linearities in Scanning Waveforms

For magnetic Deam deflection, a current waveform,
nominally sawtooth-shaped, drives the deflection coils
located around the Vidicon tube, producing a time varying
magnetic field which controls the deflection of the beam
and hence the sequence of scanning and the discharge of
the charge"Q%at the display locations.

Any non-linearities 1n the scanning current
waveform not only cause geometrical distortion in the
image as observed on a CRT, but because they determine
the "speed" of beam deflection, they also determine for
how long the dwell time “Td“ is for each location, and
hence the amount of charge capable of being supplied by
the beam gt each such location. Thus far it has been
assumed that the dwell time “Td"_has been constant for
each location i.e. that the "scanning velocity" of the
beam has been constant.

Ideally the electron beam should travel such
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that equal distance increments "As" on the photoconductor
should be scanned in equal Intervals of time "™ At"; hepnce

As = K cms-sec, the scanning velocity. . 5.1k4
JAY where K = a constant

It can be shown (see Appendix A.6.4 ) that for
low velocity electron beams (accelerated by some potentials
of the order of say + 300V) superimposed on a strong axial
magnetic field to give focussing and good beam-landing
properties, the beam deflection "S" is very nearly equal
to "L tan ¢" where "L" is the length of the deflecting
field, taken as an approximation as the distance between
the final beam aperture and the target,and is of the order
of 75mm, while "g" is the deflection angle (see Fig,76(a)).
Also it can be shown that

Gan o = Kal(b)e o ¢ & ¢ ¢ ¢ ¢ e s 6 s s o o <5415

where "i® is the driving current for the deflection coils

WKh jis a constant,

For ¢ £+ 6°, ¢ =~ tang differing by less than

0+<5%. Hence,
SmL.p & LE.I(E): o o o o o o o o o . 5.16

For a nominally linear sawtooth current waveform
i(t) = c.t

'c'being the slope of the current waveform, resulting in

S = L.KeCob v « o o o s o o a a o o o o « 5,17

Dr % = L.k .C, a Constant ® L ] ® e (-] L] o L] ° 5.1’+(a)
In section 5.5,2 it was mentioned that a beam
approaching the retarding mesh at some "¢" is acted upon

by the component of the retarding field orthogonal to the



deflected beam to give added beam deflection. This
added deflectian can be shown to be approximately egual
to "d.¢., Ywhere "d" is the mesh to photobonductor spacing
and about omm. The actual deflection distance "s" on the
photoconductor becomes

=Le + dp = (L + d)¢ which still gives a
constant scanning velocity

-%% = (L + d)k.c

Actual scanning current waveforms are (in
commercial TV cameras at least) non-linear to a greater or
lesser degree, From expression 5.17

AS _ g . DR oo . . «5.14(b)

At e AL
gives the scanning velocity as a function of the slope of
the sawtooth current. The dwell time "Td“ per element is

clearly

o = &lement dimension, As =08s
a - scanning velocity As/ht

=Km518

From Fig.73 it is clear that the larger"Td“

the lower is the stabilization potentlal’AVS for a given
beam current and thus the higher the sensitivity and the
larger the output current signal, particularly the"dark "

current "1d“.

Significant variations in dwell time, (and if
the scanning waveform 1s approximated by a section of an
exponential discharge, such varlatlows may be of the order
of + 15% off the nomlnal value of"j'ﬁ, give significant
variations in 5Vﬂ and.,AVSP for very low beam currents
(and thus for highly focussed beams such as required in
film pickup applications), Even then the effect is mainly
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apparent as veriations in the level of the dark current.

During intervals when the scanning velocity is
higher and hence the display is more distorted (apparent
by the Ystretching" or elongating of objects sideways
when viewed on a CRT), the smaller is the beam dwell time
"Td" the higher is AVCT, and the lower is the dark current
and, if noticeable, the less brignt 1S that part of the
display. Conversely, "side compresoed 'distorted sections
of a display indicate slower than nominal scanning
velocities, and hence brighter and higher level dark
currents, |

Any localized non-linearities in the scanning
current waveforms, such as transient ripples near the
beginning of the horizontal scanning lines, may give
l1ocalized variations in ——Ji- of 2¢1 or more. Thess can
be clearly seen on a CRT dlsplay as brightness “ripples"
5> rather shtationary vertical bars of varying width and
decreasing intensity away from the Left-hand edge of the

image display.

Since, as seen later (Chapter 7) , very
linear scanning current waveforms are required, it is
assumed signal current degradation due to this affect does
not occur; and hence typical variations of dark current
under these conditions need hot he calculated,

9 Thieckness Vuriations in Photoconductor Target
The sensitivity of the photoconductor has bean
assanad (and stated thus in manufacturers' data sheets) to
be a function of the voltage across it - nominally the
signal plate voltage,"VS? In actual fact (see Appendix
A.10,3 ), the sensitivity is a function of the electric
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field Strength across the photoconductor. Using the
voltage, rather than electric field strength, is valid
if the .hotoconductor thickness it constant. If the

photoconductor has a thickness at its centre of "W",
‘ : . Vs
then gy 14 = £ (T
Normalized to the nominal thickness "W",
7 w
. . S o=
Fetathickness: of "™d + AWM
V_ W

s id""f(ﬁﬁ)“f (%(1-.{%&)). . . . 5419

Rarly manufacturing processes of Vidicon targets
resulted in the thickness being much thinner at the edges
of the tarcet (and thus 'AW"is negative) (256,257). Hence
this had the effact of apparently increasing the signal
plate voltage to VS(1 + J%ﬂ thus increasing the sensiti-
vity and the signal and dark currents., This compensated
for the reduction in seusitivity due to beam landing
arrors due to primary beam deflections and the decrease ol
illumination due to the "Cos ¢ Law" (exprescion 4.9) At
very high “Vsﬁ giving dark currents of the order 0:1-0-2u4,
the added sensitivity resulted in “Edge Flare", a high
intensity halation of the image as viewed on the CRT, and
quite significant Left-Hand edge nfiicker" or ripple due
to the beam bending of the high resultant potentials at
the scanned area edge (section 5.5.5)

Present day manufacturing processes ensure a
uniform thickness over the whole target area (256,257)
thus giving nominally equal sensitivity over the whole
scanned area. Variations in thickness occur from tube to
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tube and are in the range of 2-3:1, but within the one
tube,the film thickness is constant., (The Vidicon in the
camera purchased has a uniform thickness in the range of
"2_.6 microns"), The thickness variation can be seen

from manufacturers' data in the"dark current"character-
istics; any given dark current"value lies in a range of
backplate voltages'Vs"of approximately 2:1 spread, Fig.66(a).

Since the thickness affects the capacitance also
by a factor of say 2:1, (C o %), then expressions iavolving
"C",the photoconductor target capacitance(particularly the
expression for the time constant of photocurrent rise time
and decay in expressions 3.15 and 3.16) also may vary by
a factor of 2:1, This is indeed the case as seen from
published dzta giving signal-output decay spread e.g.

RCA 77353, “CA 8134 data sheets (259)).

Localized variations in the photoconductor may
still occur (see for example photos of Vidicon photo-
conductor cross-section thicknesses in (258)) or else
localized surface contamination may be present, say on the
signal plate conducting film, giving rise to some different
contact potential. Ihese blemishes manifest themselves as
"dark spots" i.e. locations where signal currents are lower
than at other locations, indicating either contamination
and contact potential voltage drops, or else localized

increased thicknesses,

The quality and grade of the Vidicon tube (and
hence the pricel ) determines the number, size and location
of these dark spots on the image area (say within or
outside the marked circles as in Fig.65(b) (270). The
nunber of these faults is small (several at the most)
and the resultant change is output signal current



amplitudes is such as to be noticeable and "objectionable"
on high quality CRTs and in critical applications.,

The signal amplitude variation is such that with the switch-
ing current levels pperable, these effects (or rather
defects) can be neglected.

5.6 REMARKS
The deviations from ideal scanning are

principally due to non-normal beam landing, either due to:-

(i) "primary", non-normal beam landing, due to beam
deflection. | -
(ii) "secondary", non-normal beam landing due to

localized electric fields in the immediate
vicinity of the photoconductive surface;

"Primary" beam-landing errors are siganificant
while the "secondary" beam-landing errors, while causing
output signal variations, are of no consequence for our
application since the discrimination between the switching
level and the worst case unwanted signal "isee" is larger
than their cumulative effect, particularly in photoconduct-
ors of class II (see Fig.68).

However the different classes of signal variation, causes
and expected output signal variations need be mentioned,
particularly as little of this work 1is available in the
literature, and what there is, 1is usually descriptive
(252,253,254,255,256). The effect of these signal varia-
tions unless explained, may be thought to be significant
particularly as the resultant defects are amplified and
appear more significant than in fact they are, because
when observed on a CRT, they are enhanced by the "oamma"
of the CRT transfer characteristic being larger than unity
(usually gamma is about 2). What the observer sees 1is
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tine square (gaswa’ = 2) of the signal defects rather than
the signsl defects themselves.

The only significant secondary beam-landing
error occurs around the edges of the scanned area of the
Vidicon target, reducing the useful (for our purpose)
scanned area by some 10-15%,

The magnitude of these secondary effects is
based on the assumption that the scanning beam approaches
the retarding mesh and the photoconductive target at the
deflection angle "¢", to the normal. In fact current
modern Vidicon design have features ensuring near-normal
beam landing. The main design approach to this is firstly
to use a "separate mesh" connection whereby the retarding
mesh 1s separated from the focussing cylindrical electrode
and at some higher potential than it, and secondly, shaping
tha focussing electrode ete (258), Simultaneously the
focussing and hence the resolution is improved; non-orthog-
onal beam landing means a greater cross-sectional area of
the heam striking the target hence a reduction in the

resplution,
5.7 SISNAL - TO - NOISE IN VIDICQINS

5.7.1 Introduction
Signal-to-noise in Vidicon output sighals need

be considered here,as noilse causes signal deviations from
the nominal values and hence the possibility of Current
Level Detection exists when no required signals are
present,resulting in false display locations bpeing gener-
ated.
There are twd main noise sources:
(1) the input noise due to the fluctuations in the
illumination,
(2) the noise injected by the tube and by the
associated output video signal amplifiers,



5.7.0 Npise Due to Illuminatiot
Photons in the incident illumination have a
Poisson distribution (261) as regards their arrival at
the photoconductor., The root-mean-square fluctuation
"M of the number of photon arrivals (giving rise to

noise) is given by
N =vVn

where "n" is the average number of photons reaching
_the Vidicon element area (calculated in Appen-
dix 8.2.3) and thus contributing to "S", the
signal which results in the photocurrents
producing the output current signals.

The Quantum Efficiency "Q" is defined as

]

" Nurber of the photons used to produce the signal
Number of photons reaching the photo conductor

thus Q= g
or S = nQ

In Vidicons, "Q" is of the order of 1% (see
Appendix A.10.1 ), Clearly the required Signal to Noise
Ratio is

= 49 =./nq.“.'......‘.'. 5.20
nQ

2l
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In Appendix 8,2.,3 it is shown that 1ft-candle of

Tungsten Filament illumination at 2870%K is equivalent to
about 2:6 x 1013 photons per second falling on an area of

128 x 9a6mm2. Average illumination in TV applications is

about 5 ft-candles.(This is approximately equal to the
Nebteady shtab:" illusination in our case, given by "total



luminance” within a frame time interval, divided by Loms) .

The period of illumination is one frame time
interval of about 4Oms, and there being Le5 x 107 elements
in a Vidicon target area, then

. 13 -3
ng = 5 x 26 x 10'“x 40,10 % 0201

he5 x 107 per element.

per frame time

S= nQ =340 :1.........5.20(a)

Hence BN

which is of the order quoted in the literature, usually
stated to be 300 : 1 (262).

This noise due to illumination manifests itself
as input noise to the first stage of the Video amplifier
at the output of the Vidicon photoconductor target,

5.7.3 Nett S_-N At OQutput
It is shown (262) that for a TV video=-bandwidth

amplifier, usually of Y4e&ihz, this input noise current to
the first stage amplifier is of the order of 2na, The
usual Vidicon output signal amplitudes of 0e«3-0e5uA were
aiued for, £o give & ratios of about 100:1 (262), by
appropriatly selecting the beam current, tube size, photo-

conductor thickness etc,

It is considered that a visual S-N of about
30:1 (that is,the % fluctuations as perceived by the viewer
onh a CRT screen) is needed before any noise becomes
visible on a CRT as "graininess" etc (263). Using express-
icns 5,20, 5.20(a), such a % ratio equal to 30 occurs at a
photon arrival rate corresponding to about 0.05 ft-candlesj
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this illumination is often the limit on the E-axis »of
the "I vs E" curves supplied by the manufacturers. A
minimum operating % ratio at the Vidicon camera output
greater than 30:1 can thus be considered to be operative,

5.,7.,4 Fault-Free O ting Intery
It is shown in Appendix A.T.T that
(i) with a worst case signal "iSEE" of about 0.15ul
(ii) a normnal minimum desired signal "isi"of about
0.35u4
(1iii) a switeching level in the current level detector
of "ir." of 0+25u4

then for a fault-free period of 8 hours of continuous

operation (a fault being defined as an unwanted signal

being detected as a wanted signal), the requirement is that
S

= 3

These reguirements are easily met with the
minimum usual % > 30, Thus fault-free periods are much
longer than the above stated requirement of 8 hours fault-
free operation,

5. 3. SUMMARY

(1) The actual output current signal from a Vidicon
is due to the scanning electron beam depositing
adequate charge at charge depleted locations
during the beam dwell time,” "T "; the output
sighal is the charge-restoring capacitive current,
The output signal amplitude depends on

(i) the initial charge leaked away (due to
the photocurrent-section 4.3).
(ii) the effectiveness of the electron beam
in restoring this charge,



(2)

(3)

(4)

The effectiveness of the beam in restoring this
charge is affaected by
(1) the magnitude of the beam current,
usually of the order of 0+5 -1uA at
photoconductor target approach.

(ii) the presence of a contact potential of
about + 2V, charging up the photoconductor
target to the "stabilization potential",

" AVgp of about 0+5 - 1V,

The "beam acceptance characteristic" is

such that when the beam electron energy
expressed in volts approaches the contact
potential (about 2V),the beam exhibits an
impedance of some 10741, which in conjunction
with the photoconductor target capacitance,
results in a time constant, the "beam discharge
time constant", of the order of 5 - 10ms and
causes "bear discharge lag". This occurs at
signal levels of the order of 0:05u4 or less,
Hence with expected output signals in our case
of some O¢3 - O-4ud, beam dlscharge lag causes
no great problems,

Fig.73 shows the'Potential Difference A\I due
to Charge Buildup vs Time" for several beam
currents, From these curves are derived curves
in Fig.74 which give the expected output
potential changes "5VT vs YInitial potentials AVT"
on the photoconductor, for several beam currents,
Negligible variation occurs between the various
beam currents,except at low beam currents., The
lower curve AVST is called the "Vpoltage Stabil-
ization Curve- variations in this curve cause



(5)

the secondary signal variation effects.

The expected output current signals can be
obtained by the 5V, amplitude read off from the
Fig.7% and seeing what the output current "ig"
is from Figs.68-69., A4lthough the above curves
are for ideal cases, actual deviations from real
and idsal cases is significant only at low
values oflaVT“and hence not detected, as current
Level Detection is used.

The primary deflection of the scanning beam over Lhe
scanned area causes, in the worst case, non-orthog-
onal approach of the beam to the photoconductor
target, which is equivalent tc a rise in the
stabilization potential 'AVg,"of the target, this
increase being a function of the angle deviation
away from the normal, This in turn decreases

the output signal amplitude in the worst case by
up to 10 ~ 15% of the nominal value at the centre
of the target, for signal plate voltages'VS"of
about 30V,

In practice the decelerating mesh and its
structure near the photoconductor target ensure
that the beam landing is more normal to the
target than described above, particularly when
"separate mesh" Vidicons are used.

Since the signal current decrease, whether for
the"worst case“or in the partially compensated
"saeparate mesh" connection, is symmetrical

about the target axis, and determinate, it can
be compensated for by certain waveforms, derived
from the scanning waveforms, fed at the cathode.
This is described later in section 9.3.6 .
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Several secondary effects are pr:cent, mainly
causing asymmetrical signal decrease or increase
at the edges of the scanned area., These are
described in sections 5.5. Their effect is

very apparent in normal usage of Vidicons (i.e
where continuous level signals are used corres-
ponding to the grey shades of still or live
scenes), particularly when viewed on a CRT, which
tends to accentuate these defects. The Current
Level Detectors ensures that they do not cause
spurious signals.

The only significant defect occurs near the
immediate edges of the scaunned area, leading,

in the worse case,to a reduction of the usable
scanned area by about 10 - 15%.

Signal to Noise in Vidicons and the associated
video anplifiers is more than adequate to ensure
that noise does not generate unwanted signals or
causes unvanted signal erasures,

29 e 8 098 000 some 00
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CHAPTER 6

THE OPTICAL SYSTEM IN "VIDIOGRAPHIC"
. DISPLAY, USER — INPUT AND LIGHT PEN

6.1 IKTRCDUCTION

The luminance generated on the CRT screen 1is

not only for the purpose of illuminating the Vidicon
ohotoconductor target to maintain the display refresh

cycle, but must be available to the user for viewlng
whatever is displayed on the CRI screen. An “pptics system"
is required to extract sufficiant CRI luminance for this
purpose, without unduly reducing the luminance reaching

the Vidicon or even directly interfering in the Vidicon-
CRT line of sight; a screen on which this display infor-
mation is projected for user viewing is also required.'

Similarly, to enaocle the user to directly input
graphics information or to enable him to be able to point
to, or select, any display graphlic feature, provision must
be made to firstly have a light emitting device in the
form of a hand held device such as a pen or probe, and
secondly, to have an optical systenm (since a lignt-emitting
pen is used) to project this information onto the Vidicon
photoconductor target., Thus an "User-Display Optics Sy stem"
is required as well as a “User-Graphics Input Optics Sy stem"
These two optics systems.cannot be treafted compleately

independently of eacn other.

The CRT generated luminance is projected onto a
viewing screen, The user utilizes this image on the screen
as his reference system for pointing to, or inputting, new
information by projecting light on the screen with his peny
being light-transmittive, the screen permits this light to

he projected back towards the direction of the CRT.
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This light pen luminance must Be superimposed on the
appropriate display location and must be imaged such
that for thé Vidicon, 1t appears as  though this.
luminance originates for the CRT. Optically then the
user-originated light signals and the CRT screen luminance
must be superimposed,for acceptance by the Vidicon. The
Superposition O ptics thus link the User-Display and User-
G raphics Input Optics Systems; the two systems are thus
intimately linked together.

Only the light pen and its light source can be treated
independently to a certain degree. However, their spectral
characteristics, amplitude,and persistance characteristics
must match the CRT "W" phosphor characteristics and yet
still be capable of being differantiated ULy Level Current
Detectors of differing switching levels. (see section 3.2.
6.3.) .

6.2 THE USER-DISPLAY INIZRFACE (U.D,I1)
6.2.1 Requirements of the User-Display Interface (U.,D.I)

In section 2.2.2.2 the minimum brightness
requirements of a user display are given as approximately
5ft-L minimum for viewing, with 10ft-L being quite adequate.
The contrast ratio is to be better than 5:1. The display
area is to be of the order of about 10" x 10" or more and
its viewing position to Be such as to allow for comfortable
viewingj it is to be sO loasted as to allow comfortable access
by a hand holding a light pen - i.e. at about chest and
eye level,some 20" away from the user. The display bright-
ness is"BAV: the average brightness; apd as . R

B

63 | A
peak & 03 BAV e o o o &

the peak viewing-brightnesses required are from some
300 - 600ft-Lamberts (peak),. for 5 - 1C ft-L screen bright-

ness,



The primary aim of the User-Display oOptics
System is to generate a display on the user-viewing screen
of the above brigiitness and size parameters,

6,2, Luminance Rggu;remgnts for the User-Disngy

Interface U,P,I

The CRT screen is very nearlya perferitly diffusing
luninance source (a "Lambert radiator")(267 ), that is,its
luminance appears approximately constant whatever the view=-
ing angle from the front of the screen ( unlike a directed
beam or parallel light spource which can only be viewed
from certain directions).

Some of this omni-directiobal luminance 1is
intercepted by the Vidicon camera lens, when it is placed
in a direct line-of-sight with the CRT, the two tube axls
being collinear (to enable 1:1 display spatial relation-
ship). To extract luminous flux for screen projection,
either one of two methods is required. These are shown
in Figure 81°¢

(i) either luminous flux is extracted from this
direct line of sight"light cone by an optical
beam-splitter (a semi-silvered mirror),requiring

a beam-adder later in the same light cone to

enable user-graphics input,

(ii) or else luminous flux is collected from the
annular region outside the cone of light incident
on the Vidicon camera lens.” This could feasibly
be by means of a large annular lens or an
annular reflecting spherical mirror, For
practical reasons of optical quality, mounting
problems and cost, the annular lens concept will
not be explored further.

It will be seen that the optimum solution will be

220
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based on a variation of annular reflecting
spherical mirrors,or the Schmidt Optical System
as it is known.

The apparently "obvious" solution of line-of-
sight beam splitting, with a simple reflecting mirror,
without a viewing screen is not permissable. The require-
ment is that a real image of the CRT display be obtained
with fixed size and fixed position on a screen,on which
points etc. may be positioned with a light pen and detected
therefrom. The formation of such a real image requires
the presence of some form of animsging optical system, such
as convergent lenses or convergent reflecting spherical
mirrors. A simple mirror witha beam—splitter viewing
system with no lens imaging-opticsy,means that the result-
ant viewed image of the CRI display, is a virtugl image on
the eye's retina, the observer's eye being now part of the
optical system. The CRT display would appear in an optical
“tunnel", its size and viewability depending on the position
of the viewers eye. Of course,light-pen beam projection
would be impossible in attempting to input graphic infor-
mation, - ' .

The selection of one of the two optic systems,

 yansnissive lens-optics with Heam Splitter and iders,
orYBReflective Spherical Mirror Optics) will depend on
efficiency, cost and linearity and superposition perform-
ance, It will be seen that the"reflective opticé‘is by

far the more superior,on all counts,of the two systems,

6.2.3. Transmissive Lens Projector Optics
6.2.3.1 Lens Projection Optics System

A possible configuration is shown in Fig.82,
in which are included the projective optics, beam splitter
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and graphics input optics. It can be easily verified that
the screen imapeand superimposed image onto the Vidicon
have correct orientation, The luminous flux in the cone
contributing to the Vidicon illumination is lntercepted

by a beam-splitter "BS,", which ideally transmits say 50%
of the incident flux and reflects 50% of it (in practice
these ratios may be varied; losses i.e.'absorption“losses
are also invariably present). The reflected rays are
rathered by a lens system "L1“ and projected onto screen
nsn, via a front surface mirror “M1".

User graphics-input is enabled by the projectad
light beam being reflected by “M1", beam-split By "BSQ",
front surface reflected by mirror "M,", and focussed and
projected by a lens sy stem “Lg“, and thence beam-added By
"BA1“, to be incident onto the Vidicon target. Typical
Transmission "T", and Reflection "R" Cpefficiants are
marked next to the optical lens or mirror, rigrely on the
basis of the resultant losses and beam splitting, the
fractizn of light "TSCRT" reaching the Screen from the CRT
reaching the Vidicon from the user light~pen "TV-LP“’ and
reaching the Vidicon from the CRT Ly pp', aTe as follows:

(1) ES_CRT,CRT to Screen Transmiss;on Coeffi?ient

T = RBS! . TI-J1 e TBS?’ RI\I1 ° TS E 80 6.1

S-CRT_
= 0.75- 0'75- 0'5' 0'95-TS
= 0267 Tg o o o o o o o o o 000 e 6.1(a)

where np M is the Sereen Transmission (see section 6.4, 3)

(ii) T Lirht pen-to-Vidicon Transmission Coeffi-
[-LP> cisat

Ty_1p = Ts-Br +Ruso-RupTrosRear Ty -+6:2
='T¢, 0495, 0°50. 0:95. 0:75..0:75..0+75.
== 0'19TS . © 3 . . ') e . o * o . . Y -6'2(3-)
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(iii) TV-CRT CRT to0 Vidicon Transmission Coefficiant

r,v_CRT = TBS1 ‘.TBA.I .TV. e o o 5 o e @ n6.3

0¢25. 0*25. 0*75
O'Oh’?. e ® © & o © e ©®v o e o 6-3(3)

Clearly the transmission coefficiants are very
low due to the number of beam=splitters, lens systems etc.
In practice they would be lower still due to losses in
the beam splitters and adders,

6.2.%.2, Lens-proiection Optical Efficiency
The light utilization efficiency of the project-
ion lans system is very low also. Only one TV-system was

available commercially some years ago, using lens optics,
due to this poor efficiency (268). This used a oy
diameter by 6"‘long-lens'assembly in conjunction with a
Lnx 3% screan-area CRT, The projection length was such
as to result in an image magnification of 4, resulting in
a screen image of 16" x 12", The lengaF:number (see
section 4.2 ) was 1°9.

Using expression 4.9, the resultant illumination
on the screen is,withti this comnercially available optics

sy stems
L

B(b) = Tg_opp+B(E). COS'e o v v v o o He9

L4Fe (1 + M)Z

where Tg -pp = 0°27 Tg (from expression 6.,1(a))
M o=b
F 19

with the variation of illumination over the screen being

neglected.,
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Evaluating this results in

E(t) = 0°00074,B(t), Tg + « « = « o » » 6.1

A "directive" screen is used (see below section
6.4,3.2which results in a Tg =~ 34,

Hellce B(6) % 0°0025.B(t). o o o o o o o o + +6.4(a)

Thus for every 1000ft-L of CRT illumination only 2+5ft-L
are resultant on the user-screen. . Thus BAV = 2000ft~L
is required for satisfactory viewer conditions.

The resultant illumination on Eﬁé Vidicon is given . -

by B(t)y = Ty_cgre B(t)Cos - . h.9

LS (14M)°

where Ty_crT = 0047  (from expression 6.3(a)).
F = 1.9
M = __9*6 = 126 (see Fig.65(a)).
3 x 254

and the variation due to Cdsh¢ can be neglected.

Evaluating this expression results in
E(t)y = 0000256 B(£)e o o o o o o o o + 6.5

If B,y > 2000ft-L

then E(t)ypeax > 2000. 000256, 63

as B(t) 63BAV (from expression 4.1)

peak
Hence E(t)vpeak > 320ft-candles . . « » . . 6.5(2)

From Fig.68, this illumination is certainly
adequate for the system to operate successfully.
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6.2.3,%, Lens=-Projection Disadvantages

Although apparently feasible (from a light flux
quantity viewpoint anyway) this scheme has serious
disadvantages: '

(i) A large lens (5" diameter) has significant
spherical aberrations, distortion and various
other defects causing loss of picture quality.

It is heavy and poses mounting problems,

(ii) The overall system of the several beam-adders
and splitters implies several transmittive-
reflective planes, which because they have
finite thickness, may give rise to double images
(one each from each surface of the plane) lead-
ing to contrast degradation and possibly spurious
signals. To reduce these effects, very thin
films and planes need be used, further creating
problems of fragility, mounting etc.

(iii) ‘The superposition of two images by two lens
systems to enable user-graphics input causes
problems in alignment, and more importantly,due to
different distortion of the lenses, it o
greatly incrzases the problem of ensuring that
1:1 spatial relationships are maintained in the
CRT and Vidicon display areas .

(iv) Overall cost (the lens optics being relatively
expensive) .and relatively poor light utilization,
in addition to the above pointsypreclude this
approach.

6,2,4 Reflective Mirror TV-Projection Optics
The advantages of reflective spherical mirror

optics over the transmissive lens optics are many-fold and
briefly are as follows :



(1)

(ii)

(iii)

(iv)

(v)

The light gathering and utilization efficiency
is much higher,due to the“Finumber being
several times smaller than for an equivalent
focal length lens,

The aberrations and resultant image defects
(including“double image'effects) are almost
absent in reflective optics. Image quality is
high for wide-aperture converging spherical
mirrors,

Beam splitters (and beam adders) need not be
used because luminous flux is gathered (for
projection) outside the direct line of sight
light cone between CRT and Vidicon., The
"principle of Optical Gonjugacy" between real
image and object planes enables superposition
to be made directly on the viewing screen (the
real image plane) and on the CRT screen (the
real object plane). Hence problems of alignment,
different distortion due to two separate lens
systems etc, as above,do not enter,

Overall light utilization is increased
because light for the Vidicbn and viewing
screen is gathered from different areas,
Projection TV-Units using spherical surface
reflective optics (called "Schmidt Projection
Optics") have been commercially available for
over 20 years. These techniques are well knowh
and developed to a fine art. Cost and implemen-
tation is very economical- several hundreds of
dollars including CRT gnd viewing screen .
With projection TV, high luminance CRIs are
used,which is exactly the requirement for the
purposes of generating and maintaining the
display in the CRI-Vidicon loop.

226



224

ALl in all, from the viewpoint of performance,
afficicency and cost, the Schmidt TV-rrojection Optics is

ideal,

6,32¢ SCIMIDT TV PRQJICTION OPTICS
6.3.1 Iaotroduction

Projection TV based on Schmidt Optics was
developed some 25-30 years ago to provide adequately
large displays (15" x 20" ,say) capable of being viewed by
at least several people (270). The then current direct-
viewing TV sets were small in size (9" diameter screens
at the most), as difficulty was experienced in manufactur-
ing larger direct-viewing CRTs., As these proplems
were overcome, the Projection TV-units were phased out,
Units are still produced commercially, aimost exclusively
for closed-circuit audience viewing, or theatre TV view-
ings they also have military application in group-viewing
of displays particularly where"overlays"(e.g. map zrids
ete) need te superimposed.

To minimize costs of implementation, one of the
commercially available TV-units need he.used, of which
there are three main types,shown in Fig;SB(a). The Philco
System (272) is unsuitable because it has not got a suit-
able transmission vi ewing screen enabling user-graphics
input, while the Phillips System (245,271) has too small
a CRT screen leading to focussing difficulties in the
Vidicon camera lenses. The RCA System (243,270) satisfies
most of the requirements for VIDIOGRAPHIC, from screen
propérties and adequate CRT size and luminance, and even,
to the presence of a shaped central ring in the spherical
mirror surface providing direct line of sight between
CRT and Vidicon. A slight modification required is
ensuring that the CRT phosphor (P4’ - USA usage) has the
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time-perslstance properties of Phillips-type "W" phosphor
shown in Fig.64. - the dimensions of a Phillips "MW1 3-38"
( ®9are such that a direct substitution for a "RCA 5N Ph4*
can be made. Fig.33(b) shows the layout and dimensious
of the major components in this system,

The literature on Schmidt TV projection optics,
both general,and of individual systems, is very comprehensive
and readily available ( 243,244,245,270 ); therefore no
great depth of theory and detailsare necessary here.

The basic laws of Reflective Mirror Optics can be found
in any elementary physics or optics textbook.

6,3,2 Schmidt Optics System Operation

Very briefly, referring to Fig.83(b), the CRT
screen,the object plane, is at the focal plane of the
spherical mirror., Light rays emitted from point“B"Say,
are reflected at the spherical surface (some of these
are incident on the Vidicon photoconductive target), the
normal to which (i.e. radius of the spherical mirror)
passes throught the centre of the sphere of which the
mirror is a segment of. At this centre is a "corrector
lens"; rays reflected off the mirror pass through this
lens and are slightly refracted to correct for spherical
aberration, These corrected rays are reflected from a
front surface mirror"M"and focussed on the image plane,
where a transmissive viewing screen 1s located. The
mirror reorients the projected image in the correct
orientation to compensate for the spherical mirror

inversion. ‘
The effective aperture, and hence effective"F

nurber con which depends the light gathering efficiency
of the systemgis determined by the aperture or diameter
of the corrector lens, which in turn depends on the
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diameter of the reflecting spherical mirror, =

At first sight it may appear that as objects
other than the object plane are in the field of view and
field of projection, these will also be imaged and
visible on the projection screen, However only the
ohjects on the focal "plane" arz imaged and focussed on
the screeny other objects, such as mountings, leads ete,not
baing at the focal plane are immediately defocussed
(this focussing being very critical) and hence not
registered on the screen, Further, the fact that the
object at the focal plane is not a point source but a
source of area 4" x 3" on a 5" diameter CRT, with deflec-
tion coils, mountings etc (see Fig.63(b)), implies that a
portion of the reflected light from the mirror is blocked
from reaching the sereen, by a CRT tuhe and assoclated
mountings, This light blockage implies that a central
darker spot appears on the projection screen,as less light
emitted from the central locations on the CRT secreen
reachas the projection screen (analogous, although of
opposite effeet, to the "porthole effect" in Vidicons,
section 5.4,). Alsp, the possibility of multiple
reflections betwean the CRT screen glass faceplate and
the spherical mirror is present, introducing stray signals
and hence loss of contrast,

For this reason, the central part of the spherical
mirror, approximately of a radius equal to the radius of
the CRT screen, is blacked out (i.e. made nonareflecting)
ac in the Philips system, or as in the RCA system, drilled
out., Contrast is improved,but resultant screen image
crightness is reduced.

This drilled aperture allows the direct line-
of=sight incident illumination between CRT and Vidicon.
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6.3,2, Advantaces of Schmidt Optics
The two major advantages are:

(i) The prime advantage of the Schmidt Optics over
Lens QOptics is due to the fact that only one
reflecting surface is present, with a simple
mathematically defined surface., Production
methods are thus relatively simple with
resultant low costs,

Because only simple reflection and not
refraction occurs, chromatic aberation, that
is wavelength-dependent light ray bending,
with resultant picture defects (2oloured edg -
ing) is absent.

(ii) A major class of image defects occur with
lenses and reflection convergent mirrors,
called "3rd-order aberations", which are due to,
and whose magnitude depends on, the distance
of a refracted (or reflected) ray from the
principal optics axis of the system.

Thesg aberations cause element distortion,
defocussing and geometrical displacement of
the whole image.

Since in a spherical reflecting surface, there
is no preferred optical axis as all incident rays are
reflected about the normal to the surface, and all of
these normals pass through the centre of curwmature of
the mirror and are thus "principal raysgxnost of these
3rd-order aterations are ideally absent. 1In practice
two aberrations,fout of a total of 5 recognised 3rd-order
averrations) remain: '



(1) Spheri berrgtion (as this is still present
even for principal rays), where rays from the
periphery of the reflecting mirror. are brought
to a different focus that those from the centre
of the object plane. However, the spherical
aberration is about % of that present in an
equivalent sized lens.

(2) Distortion, which is due to the fact that the
magnification 1is not constant for all points
in the field of view, The result is an image
distorted by '"pincushion distortion", at
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least in the Schmidt Optics used for TV projection.

Because of the lack of optical defects, high
quality images result (compared with Lens Optics) even
for large mirrors; the aperture of the mirror of course
governs the light gathering efficiency, and enables such
bright images to be obtained with these reflective optics.

To correct for spherical aberration, a correct-
ing lens is placed at the centre of curvature, This has
the effect also of introducing an optical axis into the
cystem,and hence 3-rd order aberrationsy,which however still
are nzaslizitle, 1Tha corracting lens also effectively
defines arn aperture for corrected, [ocussed light rays.

Ine aperture of the lens is chosen compatable with the
dlzmater of the reflecting mirror,

The optical relationshivs (analogous to the
lens optical relationships given in Fig.65(a)) of the
Schmidt optical system, and of the equivalent lens
system,are given in Fig.84(a).
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It is found that the correcting lens has the
effect of shifting the "principal" surface, i.e. the
apparent surface at which reflected rays appear to te
symmetrical about, (and which nominally is the mirror
surface),is shifted by some 2¢ = 0-O4R behind the front
surface. The focal plane is also shifted forward by some
0-0R,

The focal length is f' = 1-ghR ’ where R'is

the radius of the spherical mircror.

6,3.4 Dicadvantages of Schmidt Optics.

(1) Unlike Lens Optics where variable image size is
possible by shifting the lens relative to object
plane,a given spherical mirror with a particular
correcting lens has a fixed focussed image size.
Different iﬁage sizes require different correct-
ing lenses. Their shape 1is very critical for
different imace magnification due to their large
aperture., They are relatively easy to produce
being either of gelatin on glass (245) or
roulded out of a plastic material called "Lucite"
(243). |

The RCA system has a fixed magnification
producing an image on the screen of ol x 18" in
size.

(i) Spherical mirrors can be made to almost any size
but beyond diamters of some 10-12"(2hk5 ) their

own weight begins to introduce surface distortions

resulting in non-ideal spherical surface,and thus
image defects, HExtra strengthening and rigidity
is not warranted by the extra cost.

232
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(i11) Adjustments for optimum focussability and image
linearity are fairly critical, particularly the
lateral or sideway displacement of the correct-
ing lens so that its centre 1is not coincident with
with the optic axis, On each IV srojection
unit, special adjustment screws etc are
provided,which when used with a special aligns:
ment lamp,quickly align the CRT and the correcting
lens with respect to the mirror and screen (2°0).

(iv) An extra disadvantage, perhaps even danger, 1is
the presence of X-rays generated from the high-
intensity luminance CRT, which has final anode
accelerating potentials of the order of 25KV or
more. The CRT and mirror is enclosed in a
metal "barrel” with the CRT(pointed away from
the viawers towards the ground); any X-rays
are thus directed towards the floor, or absorb-
ed by the metal barrel.

6.3,5 Optical &Efficiency of Schmidt Optical Svstem
The expression 4.9 giving the luminance on the

pptic axis at the image plane is valid for convergent
mivror systems as well as lens; the only difference Being
that the magnification in a mirror reflection system is

defined as negative 1i,e,

?\I = w - __.--.f\I e & o ¢ o 606
: ~ object size x!

The effective F-nunber in expressionl,9 can be found from
the correcting lens aperture and the exact focal length

dimensions,
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This and the above data is not always supplied and thus
thie formula cannot be readily used.

What is given are the effective angles subtended by the
point on the optical axis,at the boundaries of the mirror
and the blanked out area (see Figure 84(b) );these are 40°
and 23° respectively.

It is shown in Appendix 8.3.1  that for a
circular planar diffusing illuminating source of bright-
ness'B(t)'which subtends a semiangle"¢"at some point, the
illurination' B(t)"at that point is given by

B(t) = B(E)-510%¢ o v v v v 0 e w0 o w0 6,7

Conversely if the brightness at that point is"B(t)t the
illuminance within that area subtended by a semiangle of
"obis given by the same expression,

The net illuminance on the spherical mirror is
thus B(t) = B(t)gp (SinZ(42%) - 8in%(23%)....6.8

sipce the circular area of semi-angle 9=23° is blanked
out and does not contribute to the illuminance. This
illuninance being imaged onto a screen, is fully utilized
but is further reduced by reflection and transmission
losses at the mirror surfaces and the correcting lens,
and by the lra<q/ob3ect magnlficatlon. The area of each
element on the image is increased by W2 over the object
sizey hence illuminance on the screen is decreased by the

same factor, "mg“

Thus the screen illuminance E(t)s is given by

BE(t)g = B(t)CRT(Sinz(H2°) - 51n%(23°)) Tgo Ty, (1-L)
2
IVI L - L] L] - - L - - .6.9
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where "d(t)CRT" is the luminance of the CRI screen

"TS“ is the screen transmission

"M" is the projéction system magnification and
equal to "6

"I a® = Ry <Ry Tgp where "Ry By are the
reflections coefficiant of the two mirror
surfaces, say 0°975 each and'Ry'is the
transmission factor of the correcting lens
equal to about 0=9(24k4)

m LM is the added loss due to blockage by the
mounting, leads etc,and is of the order
of 5 - 10%,

Evaluating for these values results in

B(t)g = 0-0065.B(t)CRT.TS e e e e o« 6,902)

With a directive screen, as mentioned in section 6.2.3.2
with Tg = U.

E(t) = 0°026 B(t)opp « » o + « « « « « 6.9(b)

This is to be compared with expression 6.4(a)
for the illuminance incident on the screen due to a lens
imaging system - an improvement by a factor of 10 in
jlluninance using.Schmidt optics over that obtained
using lens optics,

Hence with

B(t)CRT AV T = 350 ft-L.

E(t)S = 9ft-C,-giving a screen brightness of
9rt-I. From-section 2,2.2,2, this is just adequate for
user comfort.

6.%3.6 ILLUMINATION INCIDENT WITH VIDICON IN SCHMIDT OPTICS
SY STEM

= 63B,y, and expression

Using expression Bpeak

4,9, the peak illumination on the Vidicon evaluates &0



(for F = 1+9),.
= 005 fL-catiles,

g4
”(“)peah 7
This, fron ig.6%, is too high a peak illumination,
riving rise to too large a signal current with the
possibility of Vidicon overdrive and photoconductor
breakdown, Reducing the Vidicon lens aperture to an
to 420 ft-candles, which is
peak V O ft-candles, which i

erinently suitable from Vidicon consideratiosns.

F=2-8,reduces B(L)

} IHS USER - VIGJING DISPLAY SCREE!

—_—

a1 Introduction
The function of the user-display screan is to

e}

N ON
L ]

<
L ]

accept ineident illumination"E(t)CRT"from the projection
CRT via the Scimidt Projection Optics and re-radiate this
illuminatiorn as a visible image of brightness "Bs(t)t
Simultaneously it accepts user-initiated illumination'EL&D"
from the light emitting pen and reradiates this as visual
brightness"B; (£)" back onto the CRT and thence onto the
Vidicon Photoconductor target.

The screen is thus required to be bi~directional,
capable of accepting and transmitting light from both
directions, For screens this is an unusual requirement,
lignt [lux acceptance being re:iuired from only one
directioni but since in YV projection, rear-projection
screens are used, which thus require te be trans: tting,

the requirement of bidirectionality is inhereantly met,
The narameters ol interest are the transmission
coefficiants of the screzsn linking bthe incident CRT

illuninatiounECRT(t)“with the output brightness“BS(t)t

Bs(t) = 1’81. ECle(t)' @ 8 % s 8w s e (-).10



and similarly,linking the light pen illunination EL(t)
with the brigh5nass incident on the CRI snd Vidicon BL(t)

BL(t) =‘1“82-.EL(1:). S 1

Asspciated with the transmission coefficiants
are the reflection and loss coefficiants, which vary with
the direction of light incidence.

Such data is not readily available, not only in the
general literature but also is difficult to oktain from
the manufacturersy the nomenclature and performance
narameters ,and even theor& of screen performance are not
well develoved or standardized (274).

The derivation of these jarameters is not a

trivial exercise; it is a necessary one., BEfficient

cr

rensmission and high resultant image .brightness det ermine
the reguirement for the CRT screen brightness and simul.
taneously dztermine the incident illumination on the
Vidicon. The resultant light=pen illumination on the

CAT is determined by the screen and its light source,
which in our case, will be shown to be also the CRT
sereen. All of these requirerents are interdependent

and must be evaluated to determine compatability.

The requirements for a screen are maximum
transmission and minimuy reflection and absorption., The
transmitted light flux is to be distributed in such a
-apner as to be optimally utilized by the viewer;
similarly light-pen emitted light flux is to be optimally
utilized by the CRT-Vidicon system.
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- ‘ [a) . "
6.4 .2 Reguirement of Display Screen

The Schmidt Projection Optics forms a real
image of the CRT screen display at the plane where tne
screen is located. IF a completely transparent "screen®
was used, the light ray directions would be unaffected.
Unless the user's eye was in the direct line-of-sight of
such a ray,he will not Msee" it (see Fig,.85(a)).

For the image to be visible on the screen from
one fixed eye position, the screel must bend by refraction
or "diffussion®, a certain amount of the incident
illumination in the direction of the user's eye (see
Fiz.85(a) . This, in the simplest case, is by "roughen-
ing up" a glass screen surface (e.g. “ground glass"
surface). The surface then may be likened to a collection
ol srnll leases of varylng radius of curvature, and hence
of varying resultant direction of refracted rays. »oince
these M enses® are randomly oriented and of random “focal
lengths", there is no preferred direction of refraction.
An incident light ray on sich a surface 1is thus visible,
hy virtue of this omni-directional refraction, from all
positions above this surfuce (see Fig. 85(b). Such a
recultant “screen" has very nearly complete light
diffusing properties and is a good approximation to a
ideal Lerbert radiator. Practical losses by reflection
and absorption areless than 15%; thus about 85% of the
incident illumination is transmitted and re-radiated (z7u).

Alternatively, surface deviations [from optical
flatness can be made regular, resulting in light refraction
in preferred directions, the preferred direction being
where the viewer is expected,or supposed,to be. Such
directional re-radiation gives rise to high luninance

in these directions, much higher than would be expected
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in a Lambert radiator (see Fig. 85(b). This gives rise
to "sereen gain"™ associated with such “directional screens

In projection TV, the viewing audience sits at
some 6'- 8' directly in front,with the screen at eye
level; the required direction of the screen luminance 1is
well defined and the screen surfaces are appropriately

- shaped to given this directional beaming of luminance,
Similarly,in our application,the user is expected to have
his eyes at some 20 - 24" away from the screen, to allow
for comfortable arm movements in accessing screen locations
with the pen. For the RCA screen dimensions of 24" x 18",
this gives a maximum viewing semi-cone angle (at a corner)
of some 350. This can 92e reduced to almost zero degrees
by small head movements, not necessitating seating
novement, Such movements may be necessary to reduce the
lurzinous flux requirements of the system (see Fig.86,88)
Movements to reduce the semi-cone angle are not unreason-
able to expecta demand,as the user invariably, when
wishing to examine some portions of the display,invariably
will "have a closer look", Particularly when positioning
graphic input or selecting displayed data, he will
“exercise cere™;in other words he will reduce the semi-
cone angle to eliminate expected parallax or alignment
error, It is thus assured that the screen~to-viewer

semi-cone-angle is effectively 0°.

™,

6,4.3 Screen Performance gnd Transmission Gain
6.4.3.1 Introduction
Of the light incident on the screen, a fraction

‘1 "is transmitted, a fraction"Ip' is reflected and a

fraction,'Tﬁ'is absorbed (or ®1ost"). Lhus

TS+TR+TL=1........... 6.12
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'he available transmitted light is thus (1 - TR - TL)

and this needs be maximized.(Ty + Tp), in addition to
reducing useful luminous flux,reducescontrast and hence
image quality. The reflected fractionﬁTR; enables the inci-
Gent illumination to bé visible from the projection side.,
Usually'T.' is of the order of 0+1 - 0+2,while'l]' is of

the order of 0+05 or less (unless special "dark glassﬁ is
used) (275).

¢

6.4,3.2 Transmission Gain Coefficiant
An ideal transmitting/diffusing screen (Lambert

surface screen) radiates 1ft-L of luminance for each 1ft-
candle of illumination. If the .screen transmission“Ts“
for some given angle of observation“ﬁiis defined as (274)

[ B 3 ] . .1
BS (p) = Resultant luminance in fEt

Incident illumination in ft-C

then clearly, for an ideal Lambert surface,Tg =1, for all
viewing angles,as the luminance for such a surface is
independent of the viewing angle, Tracing paper, ground
glass etec. tend to approach this condition.

"Directional screens " have the property that
TS(B))>1 for some angles of observation, resulting in
“screen gain'; values of up to 10 or more have been
obtained (274,276). -
However, a screen,being a passive device, cannot add
lurinous energy. Any increase in luminous flux in a
preferred direction, resulting in "gain", must be at the
expense of decreased luminance at other directions.
A directional screen thus exhibits a directional luminance
pattern, in many ways analogous to a polar plot of
antenna directivity (275)(see Figa86,90) .The axis of
this directional lobe should ideally be directed towards
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the viewer.,

Now a lumihance of ‘1 candela/sq,ft.(or 7T ££-C)
radiates 7 lumens into a hemisphere of 27 steradians if
the surface is perfectly diffusings in this case, by the
definition,Tg(B) = 1. If however the screen is direct-
ional and luminance is confined to a lobe semiangle “BL“
("the lobe bend angle"), the solid angle subtended by

the lobe can be found by simple integration to be
Q. = 2r(1 - Cos B ) steradians . . . . 6.13

As the total available luminous flux'F"is 7 lumens,the

resultant luminance is B(t) ='%

i LY
) (BB . .. L6k
i.e. B(t) = =57 —73s B!

As for a perfectly diffusing surface p(t) = 1 ft-L, the
directive screen surface results in an effective ideal

-rsr(B)= 2(1 —COSB'L) e o © © o & @ ® o e .6_015

Since only a fraction (1 - Tg = Tp) = 0-8 of
incident luminance is transmitted, the actual gain within
this resultant lobe of max. bend-angle or lobe semi-angle

IB n is
L1 1 «Tg =T, = Ok

2(1 = Cos(BL)) T = CDS(BL)

lrsB-

e.eb.15(a)

This is plotted on Fig. 87, (dotted curve).

In the RCA projection system, the worst case projection
beam incidence, occuring at the corners, is incident to
the screen at 37° (calculated from the screen directions
and CRT distances). Assuming an ideal screen giving
equal directive properties over the screen area,and the

user to be able to observe these corner locations when
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centrally placed w.r. to> the screen 20" away, requires
L] (1]
a lobe width of lobe bend angle BL s

BL pax = 197 >56° a8 e =37

This gives a potentially maximum screen Transmission
Gain of 09, Allowing for head movements results in

Bopy =~ 19°. Evaluating expression 6.15(a) for this,gives
a sreen transmission gain of 7-2. i

Hence small head movements increase the user
screen luminance by a factor of ideally by a maximum
of 8,

6.4.3.3 .Adtunal Scrssn Transmission Cain,

It is found in practice (274)that for the
majority of rear-projection screens,a certain emplrical
relationship appears to hold linking

(a) the maximum gain
(B) the lobe width
(¢) the refledtion coefficiant.

This is shown in Fig, 87 reproduced from (274)., The actual
relationship is not stated but for comparison our derived
expression 6.15(a) 1s also plotted. The form of both
expressions is very similar except for the scaling. This
is to be expected as at higher bend angles the reflection
and losses increase. From the experimental curves, for
a max.cend angle of 19° at the corners,a maxisum gain
of 6 can be expected with the luminance at the corners
being about 3 times less bright than that observed at the
centre.

An average Transmission Gain Tg = 4 is thus
assuned over most of the display screen., This was the
vslue used in section 5,3.5. :

-
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An average reflection of aboubt 12% ig present;
and including losses of about 5%, about 80-83% of the
incident illumination is utilized.

The value of these curves is significant. For most
rear-projection screens the expected luminance for a
given illumination can be directly found at any angle of
pbservation DBetween the vizwer and the projection axis
of the observed scraen location,

64,4, RCA Projection Unit Screen.
Two particular screens are of interest:

(a) that provided with the RCA Projection TV which
will be shown to have most advantages and
henze k2 the most suitable.

(b) a simple plastic rear projection screen for

comparison.

The RCA screen (277 ) is a complex three layer
screen (Fig 89), optimized for viewers with a small
bend angle between them and the extreme locatlonson the
screen . With small head movements by the user, (see. Fig 88)
a small band angle also results in our application.

The major component of the RCA projection
screen is a'Frasnel Lenswhich is a circularly grooved lens
whose grooves ensure the same slope as a full 3" thick
lens would have., Its effect is to effectively refract
thie Projection GRT-incident beam towards the observer
by some 25° to 30° at the corners (see Fig.89(a)).

Consequently with little of head movements, the
user is apparently in line with the lobe axls - i.e. the
bend angle is very near zero and full maximum screen

transmission gain is available.
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ine oulside screen layer consists of vartical
ribs, approximately 100/inch. This'biases”the viewing
angle towards a narrower vertical viewing angle -~ in
fact of some + 10° max.useful bend angle. A slightly
diffusing, opaque middle layer (causing a large
reflection and absorption factor (TL + TR) of about Q«3)
reduces the interferance effects ("Moire Fringes")
between the Fresnel Lens®corrugations“and the vertical
ribs. A reported Maximum useful Transmission Gain of
7+5 over a [ield of viaw of #10° Vertical and #25° horimntal
is reported. Actual tests (Yobjective evaluation™)
reported in ( 275) and shown in Fig.90(a) indicate gains
of 4Le¢5, For the screen performance at the edge of the
screen,fig.90(h), the curves are displaced by some 7°
towards tne centre of the optical axis indicating that
the Freshel lens has refracted the lignt rays by some
(19 + 7)O==26° towards the viewer.

The relatively large reflections ("specular'i.e
mirror-type reflections) refer to reflections from the
user side of the screen anid are prchounced due to the
vertical ribbed structure of the front screen section.
However the total reflected luminous flux is small -
compare . the reflection lobe width with the transmitted

lobe widtiie

For comparison, the performance of simple
plastic screan is shown in Fig.90(c). A serviceable,
transmission gain of about 1¢3 occurs at 60PT:=19°.
However having a peak galn of about 7, visible and
probably annoying “portnole" effects or "hot spots"
would be visible by the viewer,

For this reason,and for excessive head move-
ments,and for the reason in section 6.4.5 below,



this and most other screens are unsuitable. Where
tie projectlon distance and screen size ratios are greaber
i.e. where smaller maximum bend angles occur, other
scresnsare very usefuls but in this RCA projection scheme
with a fix~d CRI to screen tend-angle, a Fresnel Lens

is most necessary.

A Transmission Gain coefficiant Tg = 4 is
thus accumed for the screen and the RCA screen is most
eminently suitable for our application,

6.4 .5 Guality of Projection Screen Image due 0
Schmidt Optics.

An objective report (273) described the image
contrast, linearity and quality of a TV projection sy stems
this was the Phillips system but genefalities can be
extended to the RCA system, The test reported "excellent
picture" with "good linearity® (presumably at least as
good or better than with direct-view receivers), with

tpicture detail as good as in directly viewed tubes".

6.5 TEE USER-.GRAPHICS INPUT §YSIEM
6.5.1 Screen Reguirements for user Light-Pen Input’
In a luminous flux-transmitting screen such as

a rear-projection screen, the direction of light rays
can be reversed (The "Principle of Reversability) (278)

™
sl

. By this Principle it can:be taken that whbic brae -

for a CRT- @nerated incident screen illumination and
rasultant viewer side screen luminance, is true for the
User-generated screen illumination from the light-pen and
tihie resultant screen luminance on the CkT-side of the
screeni such a luminous spot then becomes, as explained
in more detail in section 6.5.2, the object generating

an image on the CRT screen and hencewill ke raflected back
onto the Vidicon photoconductive target.



The light beam at the exit-pupil of the light
pen must be held in a direction such that its optical
axls are aligned with the apparent optical axis,or rather
lobe axis of the screen luminance,for the above trans-
mission gain coefficiant Tg = 4 to be valid. At other
directions, the directivity pattern will have the effect
that a significant fraction will be radiated in directions
not intercepted by the CRT projection optics and hence
wasted; in fact strgy light will be generated and cause
loss of contrast. The pen light beam direction is thus
fairly critical!

Not only does a particular user's anhgle of pen
grip vary from time to time, but the axis along which the
pen should be aligned with (the direction of the light-pen
projected bzam with the secreen) varies over the screen .
Variations of incident illumination on the CRT due to the
light pen should not vary by more that 2:1 at the worst
case,otherwise false signals may be generated. The
plastic rear-projection screen provides a variation of
lurinance of about 3+4:1 over the screen (unless
excassive head movements,and thus pen directions,are
used) - if for no other reason then, this is sufficlent
to disqualify this type of screen for use.

The RCA screen on the other hand, by its
Fresnel lens jensures that exit-ing CRT generated beams
have maximu~ intensity (and thus the lobe axis) nearly
perpendicular to the screen surface over the whole screen
(actually near the edge they converge at some 7O towards
the central screen optical axis (see Fig,90(b)4y this is
of neglizible significance).Cornseouently for efficient

nen utilization., the onlv reguirement is that the light
pen be held vertical to the screen surface - and if the
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user is centrally placed,he will always,even when the
pen is "perpendicular" to the screen, give a slight pen
holding bias in his direction - i.,e., towards the screen
optical axis,aligning the pen even more closely to the
slightly convergent lobe axis due to the Fresnel Lens
action. Provision thus should be made in the pen for
ensuring it has a preferred mode of operation when it is
normal to the screen surface, Then the Transmissioh
Gain coefficiant T(S) = 4 can be fully -justified when
used,

6.5.2 Optical Image Superposition

In an optics system where real images are

formed from real objects (such as in systems with con-
vergent lenses or convergent spherical mirrors,which can
result in real images which can be projected or inter-
cepted by screens), the two planes, the object plane
corresponding to the CRT screen, and the resultant image
plane, corresponding to the projection screen, are called
"eonjugate planes®, This means that light emanating
from either plane will be brought to a focus at the other
plane ( 278),

ihus the resultant luminous light spot
appearing on the ChT-side of the projection screen,
caused by the emitting light-pen, becomes the object in
tne Sctmidt Optical system, and is imaged and focussed
at its conjugate plane, the CRT screen,which now becomes
the irage plane! This, of course.is valid in concurrence
with the CRT screen being simultaneouslythe object plane
for its own emitting luminance for the user display Screen

Thus by "optical conjugacy®™ of real objects
and real images, images can be projected simultaneously
on both CRT and projection screen by both the CRT



and the user's pen,and 1t is this Principle which enables
user-graphics to be inserted into VIDIOGRAPHIC (hence
the acronym component Optical).

6.5.3 The CRT screen as an Reflecting surface.

The CRT screen itself is a very good diffusing
reflecting surface (‘Lambert' radiator) whether for
cathodoluminescent originating light flux or whether for
reflection of incident projected light ( 267)! It is
not quite an ideal Lambert reflecting surface (having
preferred reflection/diffusion for cerfain waveleng ths -
the "colour® of the CRT being not "white"), and thus has
a cartain degree of absorption, Its effective transmit-
tance is nearly zero, as an aluminized backing layer is
present which reflects back specularly (i.e, mizror-type
reflection), any luminous flux which is being transmitted.
#or the incident lwsinous flux expression 6,12 holds

ile. TS+1R+FL=1 . - Y ™ ™ ® * ° . » . 6.12
where “‘I‘S" is the transmittance = O

"TL"is-the'LoSs dde to-absorption, say O
resulting in"Tﬁg the reflection coefficiant,being equal
to 0°6,

fhus 0*6 of the incident luminous flux on the
CRT screen is reflected back and rediffussed over a
solid angle of 27 steradians. A fraction of this
lu.inance is intercepted by the Vidicon lens and inserted
into the CRT- Vidicon loop for storage refresh.

Ideally then,the incident illumination on the
Vidicon photoconductor shows no differentiation between
CRT cathodoluminescence and light-pen originated
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reflected illuminescence, assuming the spectral energy
distribubion of the light pen illumination is no
different to the "W" phosphor spectrum; this 1s the case
if the CRT is the light source for the light pen,

6.5,4 CRT screen illumination due to lisht ped.
For a screen of dimensfons 18" x 24", and a
625 line T/-system ol about 580 active lines, the display
element dirensiosns are approximately 0:03" x 0:03".

AsSsune that the light pen has an exit aperture
of d" x a", and a focussing lens which,when in optimum
proximity to the screen,has a resultant illu:inating
cpot section equal to say 0-045 x 0-045" (the reason for
the light-pen illuminating spot being larger than an
element is exglained in section 9,3, )

If the illumination at the exit pupil is B ®
ft-Cs,then the illumination on the scEaen\(as illumination

—J— N B .
1s = Area ) is, Ep (t) (O—doﬁ) fe-Ls,

With the screen Tbansmissiap Gain coefiiciant
Ig = 4 (which includes in it the loss and reflection
factors), the resultant brightness or luminance on the
CRT side of the screen 1is
d 2 '
Ts. EL(t)-(E;?ggg) e . o . 06,16

(e ¥
" (m).EL(t) e e .. 6.16(a)

This luminance is intercepted by the Schridt
Optical System and imaged onto the CRT screen, resulting
in a CRT screen illumination EL-CRT(t)'

B(t)
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An expression analogous to 4,9 and 6.9 is used,

= ! s 2 2 f N )-|~
Br_grr® = By(t) (Sinp, - 5in“gy) Topp.Tgp.(1-L)Cos’s
(1 + M)°
[} ® L] L] L4 .6017
1 ]
where "EL_CRT(t)',“BL(t) are as defilned previously,
Lt is the transmission factor of the CRT

CRT

screen , 07

"Ti" = TR, the losses due to reflection

ngM -

nwon o =

" 2::

11} ]
%y

"B"

» _ d
Hence EL-CRT(t) = L}(m

Zvaluating,

and transmission of the mirrors and
correction lenses=0-85,

0°05, the loss due.to blockage by leads,
mountings etc,

, the magnification

is the semi-conhe angle formed by the
raflecting mirror at the cdntre of the
CRT screen and equal to 42°,
is the semi-cone angle formed by the
blocked out section of the mirror, at
the centre of the CRT screen and equal to
239

is the angle between the optic axis and
locationslying on the CRT screen on the
circle corresponding to circle™® of .
Fig.65(b)., Within this circle CDSL}B > 085

)% EL(t).(Sin2(h2°)-81n265%)

« 1 x 0:7.0°85.0:95.0+85
(1-67% ... .. 6.7

) )
By _cap(t) = 0-L3 (5g555) L BL(£)..f6-C... 6.17)



This then is the incident illumination on the
CRT screen due to an light pen exit pupil illumination-
3,(6)"
Assuring a Beflection Factor T, ngp*0°6, 60% of this
illuminance is reflected and rediffused back over 2t
steradians, The resultant CRT screen brightness thus

becories o
(t) = 006 By _opp---f8-L. + . . 6.18

B, _cRrT

S . v H
and sutstituting for UL_CRT(t)’

2
Bl cgrlt) = 0:25 (555 5) .EL(t)..ft-L.... 6.18(2)

For this CRT screen luminance to be indisting-
uishable from the CRT cathodoluminescene it must have
the same amplitude-time relationship as "W" type phosphor
and result in some 400-500 ft-Candles of peak illumination
on the Vidicon photoconductor or,from Filg.68,there must
be a effactive equivalent average CRT brightness of some
B, =-100 - 140 ft-L.

"AV
6.5.5 CRT Sgreen Reflections . =
6.5.5.1 Internal Reflections and Loss of Contrast.

Of interest is the possiblility of stray reflect-
ions ete occuring on the projection CRT screen due to the
light-emitting pen projected illumination, If present,
these may cause :

(a) 1loss of useful luminance

(b) generation of stray reflections leading to:
(i) possible enrpnéeus signals injected
. into the CRT-Vidicon loop generating
unwanted display features.

(i1) reflection back onto the rear-project-
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ion screen, causing loss of contrast
and stray unwanteg display features.

The phosphor CBT surface is effectively a
Lambert radiator radiating luminous flux, whether
cathodoluninescent-originating luminous flux or reflected
light~pen originating luminous flux,in all directions
outward from the screen - i,e., in a "cone" of 27 sterads.
(see Fig.93(a). Incldent rays striking the upper surface
(or glass face-air interface) of the glass faceplate at
angles greater than the “critical arigle" for glass,
(which is of the order of 41-42° from the normal to the
screen,for this type of glass) will be internally reflect--
ed, and being incident on the phosphor sereen again, will
be reflected and rescattered. Thus, around a primary
lurinous flux radiating display location, seccndary
radiating sources appear due to these intenval reflections,
Since the primary source radiates equally well in all
directions, these secondary sources are located "equally
well" around it and make their appearance as "halos"
around the primary sourcés., These secondary sources in
turn give rise to further reflectionsj the result is a
primary source surrounded by well defined "halos'"of
increasing diamater and-decreasing luminance amplitudes.
Photogravhs of these are quite common in the literature
(see for example in (267). The presence of these halos
clearly indicates the reflecting diffusing property of

luminous flux of the CRT screen phosphor!

Because a fraction of the luminance originating from the
primary location is used to generate these unwanted
signals, not only is the primary source luminance (the
"signal®) decreased, but this fraction also generates
unwanted signals ("noise"); the contract then decreases

sharply,as does the useful luminance.
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The halation is reduced or nearly eliminated by
having the glass face made of low transimittance or
"absorbing" material with a transmission coefficiant
Tce0:5 - 0-7 (267)+

From the Fig.91(a), it can be seen that for
the primary halo, rays need to traverse at least three
glass screen thicknesses (allowing for ray fefraction,
this is more like 4 screen thicknesses) compared with
nne screen thickness for the primary ray. With the
phosphor Reflection/diffusion Factor"TR GR',} of say 0+6,
the primary halo is reduced (for a glass screen.TS=(3-7)
to (0-7)3 « 06 =~ 0+2 of its previous value. The primary
luminance is reduced to 0:7 of its previous value when
normal glass faceplates are used, indicating that contrast
has improved by about 4, at the cost of reduction of
luminance, :
In practice, with lower’T81 contrast improvement by
factors of 6 to 18 has been reported ( 267)

Similarly any external incident illumination
at an angle < 41°-42° to the normal,will travel at
least two screen glass thicknesses before being reflecteq/
diffused and emitted again,compared with the CRT phosphor-
emitted luminance travelling through one glass thickness.
For the light pen originating luminance off the CRT screen,
a factor Topp = 0:7 was allowed for, in expression 6.17.

6.5:5,2 Schmidt Optics Dimensionsand Contrast
Improvement.

Soma of the dimensions and parameters of the
Schmidt Optics system may now be explained. The size of
the aperture lens in both the RCA and the Phillips system,
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both of which use rear-projectiosn screens, 18 such as to
allow a maximum semi-cone angle fpom the centre of the
CRT screen to the mirror of 42° (in the Phillips system,
38%).

Presumably the reason is as follows, Rays reflected off

the mirror and incident on the rear-projection screen have a
certain fractionnTRS"reflected back (or rather reflected/
diffused) making that ray visible when viewed from the
rear of the screen. Part of this reflected luminous flux
travels along the same direction,but in the reverse
direction as the original incident ray. It is reflected
of f the mirror and incident on the screen. If the angle
of incidence is > 42° or thereabouts (the critical angle
for reflection for glass), a sizeable fraction 1S '
specularly reflected of f the glass faceplate to be
incident on the mirror and reflected back onto the glass
facernlate again, However because of finite glass face-
plate tiickness and refraction effects,its apparent

origit on.the CRT phosphor screen is not the original
locatisn but some adjacent location (see Fig.91(b).

The racult‘'is CRI spot sizes of apparently
larger diareter witi defocussed or diffused spot bound-
aries. Hence a loss of resolution results.,

If a thick faceplate is present, double images may even
become visible.

Clearly making the effective mirror aperture
such that the exit angle at the glass/air interface is
less than 42° ensures that the image defects andloss of
resolution do not occur. Reflected rays of angular
incidence which result in grazing or shallow travel paths
in the glass faceplate are quickly attenuated due to the
Transmission of the glass TCRTefo-7.
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The samae erplanation ol course holds for rays
projected onto the CRT screen from the light emitting
sen, The affective maximun cone semi-angle being less
than tne critical angle of 42° ensure that no double

reflection etc are seen on the viewing screen.

loreover it may be shown from the symmetry
of the reflection system in Spherical Mirror Optics, that
rays exiting at 2 b, to . the normal to the CRT glass
faceplate from screen locations other than that at the
centre of the CRI' screen,do not intercept the correcting
lens and hence are not focussed on the projection screen.
This is of course dnly true for systems where the
maxirum Semi-cone angle of acceptance by the mirror from
the CRT screen centre is'¢1q This is shown by the two
rays on the left—hénd side of Fig.91(c). Hence if ény
stray light rays fror whatever source eventually are
ineident on the CRT écreen they are either attenuated by
the CRI glass faceplate of TSG=O'6, or if they are
reflected, their angle of incidence to the glass faceplate
being 3> 42°, they are not focussed on the rear projection
screen as for all intents and purposeythis is the same
case as CRT screen rays exiting at = 420,

It is thus seen that stray reflections and
stray light are of little consequence in a Schmidt Optics

System.

Similarly unless the central region of the mirror
(of dimensions approximately equal to the CRI screen
dirensions), is blacked out, or drilled out for Vidicon
tube positioning, multiple reflections between mirror and
CRT pPhosphor are possible. For near-normal exiting rays,

with Lhe central mirror portion being present, the mirror



rallechad rays would be incident on the CRI screen again,
causing cecondary images to result; the reflection of the

DRT screen is not by specular reflection but by reflection/

diffusion from the CRT phosphor.

For projected light rays onto the CRI screen
from the conjugate image screen due to the light emitting
pen, the rays will follow the same paths as the CRT emitted
rays incident on the viswing screens (except for reversion
of directisn). That portion of this luninous flux not
directly intercepted by the spherical mirror and imaged
onto the CRIT scren, effectively generates stray light rays
or may generate stray light rays.
Their effsct is the same as the above described stray light

ravs and thus may be neglected.

LIGH! EMIVUIRG PEN AND LIGHI SQURCE
6.6.1 The Required Light-Pen User Signals

In section 4.3.6 the requirements for the two
ajor classes of user inbut signals were gived; These
are listed on Table 2 ., Briefly these were:

(i) Graphics Information Input Signals
When illumination due to these signals 1is
projected onto the CRIT and thence a fraction of
this is intercepted by the Vidicon, the resultant
output current is to ke no different than the
output current due to the CRT emitted display
information., The "objectivecriterion" however
is that this output current signal is to be
capable of being detected by the "iL1" Level
Detector,

(i) Pointing Function and Erase Inpub Signals
The light pen illumination is incident on
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existing luminous display locations and the
resultant Vidicon output signal is to te
capable of being detected by the "iLZf

Level Detector while the latter is enabled "on'
Depei:ding on whatever function 1s to be done
.at that location (via enabling the appropriate
function buttons), the indicated display loca-
tions may -be reguired to mmain displayed,or

be erased implying that at the next frame scan
the signal output current at that location be
less than"iL;.

Further it was indicated (section 4.3.6) that
the "Erase " signal was the most difficult one
to implement. A reduction in light pen
luninance for the "erase" signal may be required
particularly f{or a Class II Photsconductor,
otherwisey :the Vidicon phototarget may become
damaged. otherwise, if the light pen source has
the same intensity and persistance as the "W" '
CRT phosphor, the above requirements are

satisfied.
6.6.2 User Actions During Light Pen Operators
6.6.2.1 Angle of Incidence of Pen with Respect to Screen.

As already indicated io section 6.5.1,the angle
at which the light pen is held greatly affects the quantity
of luminous flux reaching the CRT screen and hence the
Vidicon photoconductor target. Ideally with a RCA screen
with a Fresnel lens, the light pen should be held perpen-
dicular to the screen surface, with a slight bias of some
several degrees off this normal, pointed towards the centre
of the screen, Pen grip is thus of importance with a
directional screen.



Fa -

6.6,2.2, Hand Writing Speed.

Secondly the speed with whicn the pen 1is moved

may affect the signal putput amplitude.

For the CRT generabed illumination incident
oh the Vidicon, current signals are generated only onhce
per frame Gliue interval and read out once per frame i.e.
every Yoms, On the other hand, when the user is point-
ing to some location for erasure Saj, that location may
be illuminated for the interval that the 1ight pan is
stationary at that location, which may be one Or more

~
I

seconds,quite feasibly. This 1s a very short time for
P
9]

the user but is equivalent ©to 25 Vidicon-CRT recycle times,
Since the "iLZN level debector controls sone logic and

may tie up the CPU IJO interface depending on the partlc-
ular function being performed, then for as long as bthe

pen is incident on the same location, I/O interrupts for

that location will occur,

A great advantage will result if the light pen
luinance is blanked out after the first scan i.e. after
it has performed its re quired function, The signal to
enable this to be done may be derived from the output of
the " L2" detector. A light source is thus reguired
which switches off or blanks off on command in less than

Lo ms., For tﬂlS reason canstant illuminstion light

spurces are unsuitable for the light pen.

A conterbtalancing advantage occurs , compensat-
ing for the uneven writing speed of the user. Results of
user sctions are directly and immediately visible to the
user. An indicated location for erasure may remain
displayed, while the adjacent loca*ion has been erased
say. This is seen by the user and as he originates these

commands and actions, he determines whether the displayed
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result is correct or not, If not, then he may immediate-
ly take corrective '‘action without tying up the CPU, |
because wrong display information (i.e. incorrectly
located or not erased) does not tie up or involve the
CPU If0 interface.

Any errors occuring due to other causes, say by
excessive noise (see section 5.7) may be corrected by
this way.

6,6,3 Requirements of the Light Pen

In addition to being able to generate the two
classes of signals described briefly in section 6.6.1,the

following requirements are needed :

(i) the availability of at least two luminance levels,
one amplitude for graphlcs information input,
the other,lower level for "pointing" and “erase"
signals,
(ii) The pen must be held very nearly perpendicular
to the screen surface,particularly when a direct-
ional screen with a Fresnal lens is used.
(1ii) Spectral and Persistance characteristics of "W"
phosphor are desirable for the light source,
(1v) The light source of the light pen to be capable
of being blanked off under signal command at
any instant with negligible time delay.
(v) The output illumination of the light pen"E ()"
from expression 6,18(a) is given as
By (t) =-E%§%%1£E). (95%52)? e e . 6.18(D)
where "d" is the diameter of the exit pupil of
the pen and it is assumed then this is focussed



260

by a converging lens to a spot of diameter
0:045"x 0-045", The lens may be assured to
have a Transmission Coefficiant of 0.75,

"BL_CRT(t)"is the resultant CRT screen luminance
which must be able to satisfy the Vidicon required
illumination, This, as was indicated in Fig.68 is of
the order of > 100-120 ft-L average luminance of
“W" type phosphor, .. With Bp..p = 63 B,y ,the BL-CRT(t%EAK
is of the order of 7000ft-L(peak)and is the value used
in the calculations following.

For a light-pen illumination having a different
persibtance or luminance-time relationship, the above
figures will differ, However, they will need to be of
the same approximate order of magnitude.

Evaluating 6.18(b) for a W-phosphor illumination
with the above values, results in a required"EL(t)PEAK“of

. u(mu_s)?

B () pgax = 278107 "¢ eo o ft-L. . .6.18(c)
With the useful light pen exit pupil "g" of the order of

3-4x(0-045)", this indicates a peak light pen exit pupil
lumninance requirement of

Ep(6) pgag = 3:107ceenfbl v o o o o o . .6.18(Q)
Such luminances are quite readily feasible with available
light sources such as flash-lamps or even constant
illumination lamps., More so, this luminance i1s even more
readily available from the CRT,where peak luminances of
1-5.10°ft-L are available {259). |
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6. .+ Commercially Available Illuminating Sources
Before examining the proposed CRT-derived light

pen illuminator, the other, more obvious illurinating
sources will be hriefly examined, under their ability to
maet th: requirements enumerated in the previous section.

The most common laboratory illuminators,
particularly for optic fibre illuminators, are based on
a projection lamp of some 4" length which has a parabolic
reflector within the bulb, reflectlng in a nearly parallel
heam the lurinous flux from the incandescent filament (279).
This beam in’ turn is focussed by a converging lens
(external to the bulb) onto tha2 fibre optic terminals,
Thae reflector has a "dichroic" reflecting film, that is
a wavelength selective reflector; it reflects visible
light but transmits iulra-red, generated by -the filament,
sway from the optical fibres. A coolihg fan is required.
Bulbs have a short 1if: of some 100-200 hours and co st in
the vicinity of $5-10 ( 280 ). Of 150 watt rating, thelr
current i1s some % - 1 Amp average, The steady illumination
on Some area 0-3" x 0.3" is some 20-50.103ft-C and can

be varied by varying the supply voltage.

Providing a luminance~time characteristic of

sinilar form to W-phosphor persistance by switching 150-

atts 25 times/sec. provide certain problems (particularly
as time-constants are required to be negligible i.,e, less
than 1-2ms!), and lowers lamp life greatly. Relay-operated
mechanical shutters (derived from commercial cameras)
could be used instead; shutter opening and closing times
of the order of 2-3ms are quite common (281), The result-
ant required illumination is a sequence of narrow pulses

of Some 10ms width spaced every 4Oms.

Of the other possible light sources (279 )
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flashlamps are completely unsuitable as they have
extremely short life (less than 10° flashes, equivalent
to a 1ife of a few minutes in our system).

_ f'lash Discharge Tubes such as are used in
siroboscopes could potentially be used but require high
operating voltages (sevaral KV) and are expensive.

6,.6.5 Advantages of Using CRT Luminance as a Light Source

Some advantages are obvious, The persistance
spectrum and potentially high available luminance of the
order of 1-5.105ft-L are what is exactly required from
our viewpoint,

However, the following additional advantages
are also> present:
(i) The Vidicon has an unusable peripherzl area
adjacent to its scanned area boundaries of
some 10-15% of its total scanned area (section

5.5.5). As the CRT and the Vidicon are required
to have a 1:1 display area spatial relationship,

about 10-15% of the CRT display area is also
unusable for display purposes, This area can
be used as the light source for the light pen!|

(ii) ‘The CRT light source is a "cold-light" source.
In incandescent light sources,some S0% of the
wattage is converted to unwanted thermal energy
(hence the required “dichroic" reflector
mentianed above), This, when optic fibres are
used o channel the lumninous flux to the light
pen, requires forced-air cooling and consequent
irncrease in cost size and noise,
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(3) The major advantace however 1s the potentially
fast switching speed and control of the light
pen illumination. The light pen illunination
may bBe due to several individual luninous
locations on the CRT screen (the available
area for this is the periphery of the display
area). Sach of these locations has a defined
sequence of switching on (due to the raster scan)
and providing its contribution to the resultant
total illuminationj the collection of this
j1luminating flux is done by optic fibres,

The enabling of each of these contributing
sources can be controlled selectively by
controlling the number of enabled locations at
any one region,determines the resultant peak
illunination. By controlling, within a frame
time, which of the contributing grsups of
locations will be enabled, alters the combined
persictance curve of the illunination (see Fig.92)
Because all of these contributing sources
are capable of being switched on or off, either
selectively or in toto , at speeds inherently
compatable with the CRT and Vidicon tunlnp
system, an extremely flexible and versatile

programmable light source results.,

(4) The final advantage 1is cost., All the required
components to construct the light source and

pen are inherently present,

6.6.6 Fibne Optics
6.5.,6.,1 Introduction

The means of collecting the luminous flux from
the CRI light source and transmitting it to the Yexit
pupil"™ (the output aperture) of the light emitting pen
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is through "optical fibres®™, Optical fibres are thin
ficres (approximately 0:001" » 0:02" in diameter), most
commonly of glass or plastic,which can "ehannel"™ or

guide lurinous flux, incident on one end of the fibre,
along their length with very samll attenuation; the
transmitted luminous flux is emitted from the other end
5f the fibre, The major advantage is that the transmitted
light follows the curve of the transmitting optic fibre;
the curvature can be up to about 10 times the radius of
an individual fibre radius (see Fig 93 ).Cost is very
cheap, about  65c(US) per foot of bundle containing 64
individual fibres (280) . The theory of operation and
capabilities of optic fitres have been adequately
described elsewhere (282-285) and are of no great concern
here. Of prime interest here are the terminal properties
of the optic fibresy optical fibres, will thus be treated
as "black boxes", with interest centered on the amount of
luninous flux agcepted by the fibre, the fraction
transritted, the maximum angles of exit and entry of light
ray s, and the transmission spectrum, The efficiency and
optimization of light flux efficiency depend on these.

For fibres of diameter "d" appreciably greater
than the wavelength of the transmitted light (i.e. d> 5-
10 rmicrons), light can be considered to propagate though
the fibre by a series of reflections from wall to wall
(see Fig.93(a)). Hence, only the rays which are incident on
the entry pupil at an angle equal to or less, such that
total internal reflections can occur, are propagated.
To reduce lignt leakage;cladding'of egach fibre by material
of lower index of refraction is usedjas the thickness of
cladding is only. several microns,the total cross section-
al area of the fibre is effectively the same as that cross
section area through which light is propatated.
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£.6.6.2 Incident Illunination on Optic Fibre Entry Pupil

I% is a trivial exercise to show (using Snell's
law of refraction) that the condition for total internal

reflection is
.. 1 2 z
g._._.,._. -
sin i !?oﬂg 17.c.......6.19

where wi% js the angle of incidence to the fibre axis

“70" is the refractive index of the mediam where
thh incident luminous flux 1s present.

“7 " is the refractive index of core material

"7%" is the refractive index of the cladding
material.

For a fibre in air (g =1),"i" is between 30%and 60° both
for plastic and glass fibres, Manufacturers usually supply
this data.

Sin "imaxf defining the cone of light acceptance,
is thus the measure of lurinous flux gathering efficiency.
For a Lambert illucinating source of"BS(tf%t-L,it is shown
in (Appendix 8.3.1) that the illumination at the centre of the
(t)tis

n
fibre,Byp

Bogp(t) = Bg(t) sin® (1), . . . . . 6.20

When an optic fibre is cemented to the CRT
glass faceplate, the distance of the fibre from the CRT
phosphor (the Lambert illuminating source) is equal to
mgh o the faceplate thickness. It is assumed the cement
is optically transulent, of negligible thickness, and of
refractive index similar to glass (about 1-5-1:6); the
adhesives used to cement compound lenses suggest themselves.
From Fig. 93(c)jthe resultant field of illumination which
contributes to the illurination on the optic fibre has

a radius “rF,“ where
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rp = tebain 1 +

Low "™t" [or orojection CRT's is of the order of O°itO-15«;
taking t = 013,74 = 1e54 (glass faceplate) and
/702 -‘7c2 ~ 055 (a typlical value),results in

nin = 04 0

and the radius"r?"of the contributing field of illumination
being (0-05 + 9%  For a pibre thickness d = 0-01", the
total diameter of the field of illumination is O-11".

As the angle subtended by the fibre at the illuminating
source is less than 10,'the'Cosh¢”variation over the fibre
is negligible.

From expression 6.19,the average illumination for i= 21°

i . . LN [
across the optic fibre cross section ﬁQ'F(t)IN is

Bop(t) g = 0913 Bg(t)...ft-C. . . . .6.20(a)

This is contributed by that field of illumination of Q«11"

diameter,

When a bundle of fibres with a total effective
diameter'D"ic used rather than a single fibre,then
because the illuminating source is a Lambert radiator,
the effective diameter of the illuminating source necessary
to provide a constant 1llum1natlon for the optlc fibres is
2(t.tani + —) (01 + D)

The transmittsd incident illuminatizn 18 now

cubject to atbtenuatisn vhen travelling through the fibre
lengths., From Fig.gmb),showing ths"transmission vs lehgth"
of fibres, it is seen that the plastic "CROFON" fibres
are superior to the glass fibres. For a 6' length (the
length required) about 30% of "white" light is transmitted.
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I'ne fibres also show praferred kransmission for
various wavelengthe; this is shown in Fig. 94(a). Greater
attanuation occurs at low wavelength (blue) than at the
other:s.

Again for visible wavelength, the plastic fibre
is superior to the glass fibre. - _

Consequently "CROFON® plastic fibres are selected for use,

The frequency selectivity in transmicsion has
. W Y ]
been allowed for in the transmission vs length curves as
~hase are the average transmission for "white light".

Thus the iILWninatioP acrpss Ehe exit pupil of
tnhe optic fibres of 6' length, Eyp(t)gpp, 1S

0+3.0+13,Bg(t)..f6-C. . 6.20
0-042,8,(t)...ft-C. . . .6.20(a)

Bop(®)our =

4s the peak lwﬁinance"BS(t)P$AK“Df the CRT
[: e
shosphor can be 1¢5;107ft-L, the illumination at the light

Iy

pen exit pupil can be

ma§;6300ft-c .« o o o o o +6.20(Db)

i

Bo#() opr

$,6,6,4 Output Luminance at Bxit Pupil of Optics Fibres

The luminous flux at th: exit pupil disperses
in 2 cone of light (see Fig.93(b),whose semi-angle 1is
given by an identical expression to 6.19 (due to the
Principle of RXeversability of light rays in Optics).
However, the output medius being now air, with a refractive

index 7, = 1 and as ‘/Vgg- 1702 was taken as 0+55, the

exit semi-cone angle "ig is given from

Sin 1 =/47g%.?c2 =0%55. + . . & . .5.19(a)

resulting in “ig = 337,
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'his angular dispercion means an effective
illurinated "spot" at distance"S"from the exit pupil
of diameter"D;, where

Do = 2g.tan i, + D
where "p¥ is the fibre bundle diameter,
Consequently a short focal length converging lens is used
in the light pen to intercept this emitted exit pupil
lurinous Flux and focus it to Lthe required spot of
diameter 0+0L45" (see Fig.97(b)).

6.5.7 The CRT Illuminating Source
6.6.7.1 Introduction

Exprescion 6.20(a) gives the maximum output
jlluriratisn at the exit pupil of the fibre optics
bundle, for a given CRI' Luminance.

In section 6.6.3, the expression 6.18(c) was derived
lirking the required output luminance for the light pen
with the resultant Vidicon illumination of about Looft-C
peak,when the light’ pen luminance is projected into CRI-
Vidicon system, This was

. o b (g.045)? FE-C 6.1
HL(t)maX = 2+8.10 ( g )

where g is the diameter of the exit pupil of the
pen and thus the diameter of light fibre bundle,
no.p45" is the resultant spot on the screen
(a focussing lens being used).

Zquating these two expressions 6,18(c) and 6.20(a),

results in

; L
a= o'ohz/2”3'1o inches + « » & « « .6.21
o-ohz.Bs(t)



Phus o Sradeofl between the active diameter of the

finre bundle "d" (and hence the number of fibres required)

. . ] . . IV | .
and the illuminating screen luninance BS(t),ex1sts.

For a maximum peak Cuf luminance“Bq(t)“of
- [
1+5.1C7¢ft-L,the active Pibre bundle diameter results in

G = 0095, & o o o o o v o 8 o & s 6.21(a)

As each "CROFON" fibre has a diameter of
0-010" ( 286 ),about 90 "CROFON" [ibres are thus requirad.

L 4. 7.5 iethod of Affixing Fibres ©o CRI Ccreen,
CROFON fibres (as glass fibres also), are
supplied loose or in bundles of 32 or 64 fibres in #VC
jacliats, The ends of the fibres need be optically
polished and capped for normal light guiding application.
It is thus assumed that both ends of each optic fibre 1s
polished prior to attaching to the CRI glass faceplate.

& . .7.3% finite Scanning Speed and Generation of CRL
Luminancse.
Saveral complications arise because of the

finite scanning speed of the beam which generates this
l1wrinance of the CRT ijllumination source, Above it was
assumed that all points of the i1luminating area on the
CRT screen have identical persistance at any given time

and identical luminances.

The top strip on the CRT screen available for
illw:inating is ©-12" wide (co responding to 3% of the
ceanned area dimension at each side-See- section 5,5.5).
For a 3" high CRIT raster area corresponding to a field
time interval of 20ms (2 field intervals = 1 frame time

interval in 2:1 interlaced scanning),0-+12" carresponds
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‘allowing for 9% fly back) to

9-3—1-2 x 18:3 ms = 0-735ms . « « » » 6.21

From Fig.64(a), the persistance curve for "W"
shosphor, the luminance O:735ms aftar the sturt of
sxcitation, is only some O0-14Bpqp(t)

Clearly then for the illuminating area which
takes 0-735ms to generate, the effactlve pverall average
luminance is somewhere between’ BPﬂAK and 0-14 dPEAﬁz
This must be the luminance used in to calculate the output

light pen illumipance.

In Appendix 4,9,3 1t is shown that the decay
for “{" yphosphor in the interval between 10us to 1ms 1is
given oy approximately,

B(t) = Bpaux .(———4——E—)oth7

9 5.10 't
Using this relationship and the fact that a
known nw ber of illuminating locations occurs within the
time interval 0-735ms.,the effective average luninance
within that interval occuring at t = 0-735ms after the

start of the frame interval is shown, in Appendix A,9.3
to be equal bto

BPEAK A\'J - 0'23 BPEAK ] 3 ] . . M M 6.22

Consequently if 90 fibres were required for a
constant peak luminance 3pzjxs then 62%3 = 390 fibres,
for the above reduced luminshc@sare required.

Allowing a area of width 0-05" at each end of

the illuminating strip (see section 6.6,62) leaves a
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strip width of (4 - 0-1)" = 3-9" where fibres can be
located and bonded to collect the luminance. This, purzly
by coincidence, exactly accomodates 390 fibres bonded

side by side in a line, as each CROFON fibre is of 0-O1"
diarmeter. The width available for the illuminating strip
is 0+12%, but as explained in section 6.6.6.2 the
necessary diameter (or strip width) of the illuminating
spurce for a single fibre is 0<11" (see Fig.95(a))

When bundled into a circular bundle, at the
sthar end, 390 fibres each of 0-01" diameter have a
a diameter of some 0°16" - 0-17", This needs be focussed
down bs the light pen tip lens to some d' = 0-045" 1i.e.
a reduction magnification of some 3°5.

The second difference between the resultant light
pen illumination and the CRT luminance 1is the fact that
the raster is interlaced 2:1. That is, although each
particular location is accessed every hOms, adjacent
line locations are accessed relative to each other, every
ooms. Thus alternate lines, rather than consecutive lines
are "adjacent", In the illuminating CRI area only half
of the lines are excited successively and then 20ms later,
the othaer alternate lines are excited., Consequently the
resultant luminancsBrfighng tpe pen exit pupil consists
of peak lw:inance S PEAK = every 20ms and not peak
luminance"BS(t)PEAﬁ'eve%y'hOms. This is shown in Fig.95(b)
Except for amplitude and repetition rate being doubled,
the persistance is nearly that of the CRT luminance,

The third difference, although not very serious,
is the fact that the light pen luminance has its peak
alvways fixed in time - one peak at the start of the frame

time and the other 20ms later. The instant of scanning
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however for any glven locatilionn may occur anywhere
within those L4oms, However the time between scanning
for any given point is still 4Oms.- Thus even though
the two origins may not colncide, two complete cycles
of light pen illumination are incident at any given
location when the light pen is held statiohary. The
total light flux incident on any location is thus

constant.

6.6,7. Resultant Lumingnce Signals from CRT Illuminanation.
Consider the following two types of sighal at

some given location due to a.light pen containing some
330 - 390 CROFON fibres. A peak of "BPEAK 'securs |
every 20ms and the persistance is as far the W-phosphor;
hence the curves of Fig,.,68 are valid in determining the
net potential buildup on the ¥idicon photoconductor,

From"g%%)op for fhotoconductor Class II, it is
seen that for 28 paax (equlvalent to a incident photo-
conductor for BPEAé"resultlng in 400 ft-candles) a net
photoconductor potential rise of about 5.3V occurs. 20ms
later another peak occurs giving another 5.3V potential
rise, Thus with 4Oms, 10:6V potential rise has occured
as compared with about + 85V for a peak of BPEAK(t)
luginance every 40ms (see Fig.68)., Consequently after
the first complete scan time interval, a signal current
is generated greater than for a CRT generated luminance

for display refresh.

Similarly when pointing the light pen at an
existing location, the two luminances sum, If the loca-
tion is somewhere in the centre of the display, the
surmed luminances and summed luminous fluxes may be



adequate to generate a scan output current sufficient
to switch the "1L2“ Level Detector before the second
half-frame light pen signal is generated. The output

signal from the "iL2" Level Detector then switches off the

CRT illuminating elements, which stays off until the
next display location is being pointed to, when the
illuminating locationsare enabled on again. This
switching off of the illumination and its necessity to
do so is left till the Following section 6.6.8.

Normally however the full frame-time interval
with the contributions each 20ms apart, must be super-
imposed on an evisting luminous locatiosn to effectively
result in ar illumination eyual Lo the resultant Vidicon
illunination as given in expression 4.2%(a).

‘i‘hus E(t) j=d 2 E(t)CRT s 8 * = . o . ’ r .)'*.25(8')

vhicn secily switeh the "ip " level detector on, when it
[t

is enablea on,

¢ SumgarT ...
The resultant light pen luminances, even though

not identical to CRT emitted luminance from a given
location, adequately gaenerate the two classes ol uSer-
iritiated signals. The reguirements for the CRL illumin-

ating source are:

(1) CRT luninance at illuminating area to be seb to
a maxizur (about 25008t -L gy ,Sebting the video
sivnal at those locations to the maximum level.

() a strip at the top of the CRT display area O-12"
wide and the whole width (4") of the scanned
area, is the light pen illuminating area.
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(3) a row of 330-390, 0-010" diameter CROFOI

plastic fibres, 6ft in length to be used.

(4) both eands of each fibre are optically polished.
One set of ends is to be made into a circular
bundle of some 016" - 0:17" diameter, bonded
together and polished flat - this is the exit
pupil of the fibre bundle.

(5) The other ends are to be bonded via some
adhesive such as Canada Balsam etc in a line,
adjacent to each other, 0-055" from the top
of the CRI raster area i.e, mid-vay along the

available iilunination strip.

(é) The fibre bundle to be encased in a PVC sheath.

b Hi LIGHI Pil
2. 7. 1. Introductisn - Light Pen Reaquirements.
The funetion of the light pen is to provide
the means for hthe user Lo directly input graphic informae
tior or to select, by pointing, certain display features

for further CPU procersing,or for “localized processing"

o

such as erasure,

The light pen emits luminous flux, (channelled
from the CRT illusinating source area via the optic
fibres) which is incident on the viewing screen and thence
via the Schmidt Optics to be reflected off the CAl
phosphor onto the Vidicon photoconductor target; from
there the information is either channelled into the CPU
1/0 interface, or is circulated for display refresh

purposes,



AS the light pen is in direct use by the
operator, certain features are required of the pen for

simple,effective operation:

(1) The pen must be capable of being guided to
the desired screen locaticn by the user
holding it; it thus must have ease of handling,
A slightly thicker than normal "ZO¢"bdl point pen
barrel is required; one end, the "writing tip"
for the luminous flux exit pupil, while at
the other end the optic fibre bundle,supplying
the lLuminous flux,is inserted.

(2) The light pen must have ease of operation. 4
functizsn keyboard (see saction 24D is
necessary to work with the light pen (e.g.

"3CALZ feakure B" by such and such a factor

by pushing funceion buttons "ECALE™ while, by

tne light pen, feature "3" is selected directly
off the screen). However,on the light pen,a
simple control switch, the "mode" switch is to be
located which is used to indicate whether'class I
signals'(graphic information input) or"class II
signals"(“poihted to" features requiring process-
ing or erasure)are required. As'class I"signals
require only to be detected by the “iL1“ lavel
detector, wiiich is always enabled on, no switch
is required for this. The "OKN" switch  position
indicates that the following user-pen actions
specify locations for processing or erasure, As
these locations are detected by the "iLEH

level detector, the switch is thus merely to
enable the "i, " Detector on. In the"OFF"

position, the Mip o0 Detector is inhibited.
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This is the only user operated switch on tie
san,to differentiate the mode of user signals

to pe carried out., Several extra optic fibres
may channel light from a lamp (say 1% wagts) to
illuminate an "ip " Level Detector "ON" indica-
tor,made of say a red filter glass, indicating
the "ON® statué of this Level Detector. The user
switch thus also enables or inhibits this small
indicator lamnp.

The luminous flux generated from the pen,
a fraction of which is eventually incident on
the Vidicon , is a very critical factor. The
useful light flux emitted and radiated by the
light pen depends on the direction of the pen
ts thne norital of the viewing screen ani on the
distance of this ecreen from the pen tipj Che
pen tip thus reguires careful (and even
neritical®) pen-alignment and tiyp nositioning.
This aligning is done "sutomatically™ by two
pressure sensitive contacts located near the
pen exit pupil., When the contacts are "in
contact", the CKT illuminating source 1s enabled
ong otherwise when there is no pen tip pressure or
uneven pressure, the CRT luminance 1is inhiblted.
'he two contacts are togethér only if the
pen 1s touching the screen and slightly press-
ing against it at a normal, or near normal
sereen incidence: this is because the contacts
are placed symmetrically aboub the pen axis.
Simultaneously when the pen is in this
position, the light output at the exit pupil
of the pen is at the correct image or focussed

planey,with the exit beam being now parallel
and of the correct diameter of 0-045" and of
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correct lntensity.

Thus unless the pen is correctly positioned,
no oubtput light is generated as the CHT light
emitting source is inhibited. The user
adjusts the pen contadt until a signal is
registered. This “ON" condition may be seen
by the user by several extra optic fibres
illuminating a green "ON indicator" near the
pen tip, which themselves are'tapped of f the
CRT illurminating source.,

At any other time, while the pen is in
the “ready" position or resting on the console,
or approaches the screeny,then as no light is
emitted, no stray signals or reflections etc
due to it,are generated.

Another feature associated with the light pen
is the followings

Assume a display feature is to be pointed
to, say for erasing. It is then required that
as soon as the "iL2" Level Detector has deteated
tiiis signal, the CRT illuminating source area
i to be blanked off. 'Otherwise a cycle of
graphic input at that 1ocatiosn and its erasure,
would continue during the time the pen was
located at that spot for the following reason;
The "iL2" Level Detector as sopon as it detects
the signal for erasure, outputs en" Innibit"
signal which blanks the video output signal at
that location. As the "iL1" Level detector
through which all Video Signals pass, has a
sl ight delay of some O-1us or less introduced
with respect to the “iL2“ Leyel Detector, this
inhibit signal is merely applied to the putput



ol the " level detector output (see Fig.71)

i
i,e. the video pulse, corresponding to the
required location to be erased, outputted from
the "iL2" level Detector,"blanks itself out"

by inhibiting the same vided pulse when it 1is
putput from the "iL1" Level Detector,

No signal at that location is input into
the CRT and thus that point in the first CRT-
Vidicon cycle is erased.

Howaver the light pen is still located at that
position, emitting adequate luminous flux to,

at least, be detected by the "i;," Level Defeetor
which is always enabled, even though the "ij,"
Level Detector is enabled., This 1is effectively
the same condition as though new graphic infor-
mation is being input at that location., Thus

at the next (the 2nd) Vidicon-CRT cycle a spot
raappears on the CRT which then is detected by
the Vidicon and then will be erased again, as
tne light pen is still in the "erase" mode.

This "arasure - writing in - erasure" cycle will
exist for as long as the pen is at that location,
and since each erasure-write-in cycle takes 2
frame times (30ms), while at the very best the
user time reaction is appreciably greater than
his fastest reaction time (about 200ms), at
least several such unwanted cycles will be
present and the location may not be erased!
Similarly if the location was indicated for
further processing, requiring the CPU, the CPU
I/O Interface would be in a "receive" mode as
long as the "function and erase" switch was
enabled, and would receive point coordinates

of that indicated location every alternate frame
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time interwval.

The above undesired situation may be
eliminated by using perhaps a reduced illumin-
ating source, controlled by enabling the "mode"
switch,

However, it is simpler to use the "ipq"
output signal, indicating that the location has
been successfully detected, to inhibit the
illuminating source (See Fig., 96 ) The user may
keep the pen at the location as long as he
l1ikes without causing unwanted erace-wrlte-ln
cycles or tying up the CPU I-0 Interface.

The green "illuminating source nONZlight, being
switched off, indicates to him erasure or
location-acceptance for CPU processing has been
achieved,

When the pen tip is lifted off to point
t> some other features, and brought down again
to the required location, -the illuminating
source is enabled on again by the pressure
sensitive switch,

Fig. 96 shows a block schematic of the light pen
and of the associated subsystem,. It is seen

that the user has only the "“mode-switch" to
operate directly if graphic display features necd
be pointed to or erased.

When “pointinz" 1is required to features not
displayed, then the pen subsy stem takeé 2 frane
intervals to perform this function. With the

Wi ifo # Level Detector enabled,the first light

pan signal, on a blank location, merely writes-in

that point, which is detected by the "lL1"
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Detector But is not adequate to be detected

by the “iLQH Detector. At the next framne
interval the two luninances sum, due to the
previoue cycle "written in" point and the
lignt-emitting pen, and thence are detected

by the “in" Detector and the reguired functidn

1 &

ig carried out,

b.7.2 Construction of the Light Pen
Other than the spring loaded two-contact
switeh, and the user operated ON-OFF "mode-switch", the

pall is completely passive.

The writing tip has a small aperture, from
which the oubput lLuminous flux 1c emitted. The other
end of btie2 pen has the fibre bundle of some O-2" diametear
(which includes a protective outer cover) and the two sets
of fibre tundles of some 10-20 [itres each, one bundle
illuminating the Ymode switch" light (Red) which indicates
tia “OUY-status of this switch, the other bundle illumine~
ating the (Green) light indicating the "ON"-stabus of the
illuminating source, This green light "ON", means that
the pen is properly positioned for operation, and if the
“..ode switch" is enabled, then,when the green light
switches off, it means that the function or erasure for
the location indicated has been carried out. Table 3
Lists the status of the pen, according to the lights seen
by the user, The cable out of the pen,-in addition to the
fibre optic bundles,also carries the signal leads from

the two switches.

,6.7..3  The Light Pen COptics
‘'he optical fibre bundle carrying the Luminous

flux from the CRT illuminating source to the exit pupil,
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ie of some 016" diametar active area, and has 1bs
luminance emifted in a cone of semi-angle of 329 (see
section 6.5.6.3 ) This luminous flux 1s regquired to bte
nfunnelled " into an area  of abouf 0-045" diameter,with
the exit light rayes essentially parallel to Gie lignt

nen axlis. Phis directivity of the light rays 1is reguired
nwecguse the User-Scresn Fresnel Lens will than refract
these ravs along tha r:quired direction for nrojection

onto tha Schaidht Reflective Opftics (see section 6.4.4 ).

4ith Cibre optics, image size reduction
and heuce corresponding luminance increase, is achieved
sery efficiently anad economically by using tap=rad cones
of siwilar constructiosn and material as optical fibres
( 23 ), except that the sides rather than being parallel
are Lapered (see Fig. 97(s)., ALl the 1ight incident on tie
large cross-sectional arsea, 18 available at the reduced
end. <{hus imaze reduction occurs with the corressponding
inerease in luminance. The angle of exit of the rays aleo
ircrease., Howsver it is stated ( 284 ) that "with careful
decizn ahd constructicn", cones of reductiocn of image
(ize by Y-5 can Dbe achieved with brightness increases of
16-25, al
light rays direction.

ens system must still Dbe used to redirect the

“owever, bacausa of tae possible difriculby 1in

iring the required coae dimensions and possiktle high

obtail

cnst(%) the following two lens system is suggesbed
(Fig. 97( 1)), Pwo convergent lenses are used, 10 a
configuration somewhat analogous to a belescope sy stem
2nere bne entry lncldent rays on the entry lens are

e
parall:l and the exit rays ars convergent., In our regulre-
ment, the eatry incident rays are divergent and the exit

rays are to be essantially parallel. The primary object-



ive lans "Lr of very short focal length and large
aparture (low F-nunber) intercepts the rays which are
emitted from the fibre optic bundle exit pupll in a
semi-cone angle of 33°, These are thus brought to a

real imsge plane which i1s at the focus (focal object
nlane) of the second converging lens“L;. The image plane
of thie is at, or near, infinity, and thus the exit rays
are escentially parallel or nearly parallel. lhis is

the required condition.,

The whole pen is housed in some ball point
or pen-type plastic casing.
It features simplicity, low cost, near "automatic"
operation,and performs all the required user-graphic

display interaction functiosns,

6.3, AZCAPITULATION

3
6.8.1 Hecapitulation of Optics Subsystem and User Inpub
Subsystems,

(1) To enable the user to view the CRT display
simultaneously while the Vidicon intercepts a

fraction of the CRT emitted luminance, and to
enable the user to iﬁput graphics information
and interact with the display by selezcting
display features for further processing or
erasure, an optics subsystem is required,
further, a real image of the CRI display must
be available on a screen to enable the above
two functions to be performed.

(2) The RCA Schmidt TV Projection Optical System

is the system chosen. It has several advantages

over other systems:

(1) A very efficient light utilization.

82



(3)

(o

)

(ii) Wo interference wita the CRI luminance
orojected on the Vidicon photoconductor
target,

(iii) It enables direct user-input information

superposition on the CRI screen with

no misalignment and hence no registra-
tion problems, Eimultaneously it

allows the CRI screen, which is a
Lambert radiator/reflector,to accept
this user-generated input information
for insertion in the CRT-Vidicon loop.

(iv) Stray reflections and hence the possibil-
ity of unwahted signals is negligible.

(v) Such 1V projaction systems are commarc-
ially available at very r=asonable cost.

The user-viewing Screen must be capable of
bi-directional acceptance and transmission of
incident luminous flux. This is compatable
with TV Projection Ur:its using rear-projection.
l'he screens available provide light '"gain" and
the fresnel Lens provided with the screen
5ptimize both user-viewing and light-pen
efficiency when the light pen is held normal to
the screen surface.

For the light pen illuminating source, the CRT
“dead arsas" around the scanned area periphery
nrovide an excellent, high luminance programm-
able, s, stem-timing-compatable lignt source.
Some 330-390 “CROFON™ 0+010" diameter plastic



optical fibres, of a total of 0-16-0-17"
dismeter are necessary to supply adequate
Luninous flux to the user light pen from the
CRT illuminating light sources. 4 6! length
optical fibre bundle is required,

(5) The light pen has several desirable features:
(i) screan pressure contact when the light
peh is correctly aligned (normal to
the screen) enables the light source on
and allows pen operation.

(ii) a user "mode switch" enabling the "iLZH
Level Deteetor, to indicate display
feature selection for CPU processing or

erasure,

(iii) a Feed Back loop Dbetween the "ip )" level

Detector and the CRT illuminating

source which allows for the inhibition
of the light source when the "iLZH
Detector has detected tne appropriate
location signhal, This eliminates any
undesired successive'readin-erase’
"osecillations" and does not tie up the
CPU I-0 Interface unnecessarily,which

would otherwise occur,
( iv) "Status lights"to indicate light pen status.

6,8.2 Rgcagitulaglgg'of Chapters L4-5-6
Chapter 6 concludes the feasability study of

VIDIOGRAPHIC form the viewpoint of the ability of

adequate luminous energy being generated within the
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short frame-time inbtervals of L4Oms, to enable the system

|- va £ L]
Lo narform:

&

(1) display refresh of a whole CR[L display
within a freme time interval, taking note
of the long response times of the photo-
currents and "discharge lag" effects in
Vidicon tubes,

(ii) and enable new graphic information to be
input, either via the CPU If0 interface,
which is a relatively trivial matter, or
more importantly by the user,using a light

emitting pen.

((iii) enable the viewer to observe the CRI display.

haese tnree major requirements have been shown to be guite
Feasible at no great expense or complex circuitry. Indeed
the whole aim of the feasa®ility study is the construction
of a very economical, versatile,yet simple-to-use inter-
active graphics system., It has been shown that VIDIOGRaPII-
IC certzinly does these things.

Chapter 4 dealt mainly with the primary source
of 1lizht energyor flux within the system, available from
the CKI, the amount of this flux incident on the photo-
conducktive target of the Vidicon,and finally bhe response
#né ideal signals available at the Vidicon output due to
the CRL originating illuwination. It was. indicated that
the "4" phosphor persistance was eminently suitable for

tiiis application,

Chapter 5 dealt with the real (as distinct from
the ideal), signal outputs from the Vidicon due to the

electron scanning beam newtralizing the charge buildup



A systematic examination of the

due &
rube were made and the expected magnitude of the deviations
It was shown that because a gurrent Level

Lo photocurrents
deviations from ideal conditions occuring in the Vidicon
were calculated,
D etector was used ab the output to determiue whether a
sighal deflects
The rejuired

valid signal was present or not, the above
capable of

tiiase deviations could ke ignored.

'S

illumination conditiosns ware thus

due To
Jidicon
being cslculated.

Caspter 6 dealt with the User-VIDECH IAPHIC
itteractinn - the Jisnlay-Viawing sub=9y sber and hhe
Geaohiee-inforsation Inpub subsystem, The light gJuant-
ities required to enable this were calculated and shown

tn ke julte feasible and easily achievad with a TV-
The light pen, a very

bean showit thab VIDICGRaPHIC 1s
rainbaining,

feacible from ths viswpoint of initiating,
viewing aml) lnteraching with some genersted graphic

display.
In the following threechapters, the other major
L ’

ALV 4

cent, that of CIi and Vidicon display linearity and
ay 1s discussad.

re.juiren
the mainbenance of a steady or static displ

4 o 8 20 a0 &S 0o et se b



CHAPTER 7

DISPLAY DISTORTION :
EFFECTS IN "“VIDIOGRAPHIC", MEASUREMENT
AND DISTORTION INFORMATION STORAGE

7.1 Introduction

7.1.1 Scope oif Problem

The feasapility of VIDIOGRAPHIC depends on two

main requirements being meb:

(i) the generatiosn of a detectable

0
|,__l

fige)
™
o
=
©
=
Q

the maintenance of this signal in the CHI-
Vidicon loop for display refreshing within the
short frame intervals of 4Oms, This depends
on adequate light flux being generated at each
required location. The requirement was found
to be complebtely feasible in Chapters 4 - 6.
(1i) ‘the maintenance of a steady display once thne
display 1s generated.
It is of no use to nave a display which gradu-

ally shifts off the viewing area or wni ch expands

off the screen or complebtaly disappears after a
few frames.

It is the maintenance of a steady display, and
the reguirements to achieve this that 1is the

concern of this and the following two chapters.

7.1.2 Displey Distortion aifects

Geometrical or Display Distortion 1is present in
all optical and electro- optical devices to a lesser or
greater degres, It is the presence of such geometrical
distortion that causes, in our case, resultant non-steady

display, unless some corrective action is taken.

S

o

]
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Assume say that only the CRY has some distortion
present, Hach display location in a TV raster scan is
sssocinbed with the time interval between the beginning
of n f'rame-time interval (corresponding to the upper left-
Hand corner of the display area) and the occurence of the
video pulse indicating thet particular display locabtlon.
Idanlly no distortion implies that the same constant
factsr between bhe time interval and the location of the
recsultant locations,applies for all locatione on the
aisplay. Distortion implies that some deviaticon from
L ideal or nominal oposition results when that location
appears on the display. rhis deviation, in what, is tern-
ed a "good-linearity" display, is of the order of 1% ofl
tha dieplay height,say. Thus for a CRI-Vidicon loop, at
each successive frame (1.e. every Yoms or 25 times per
secaud}amy location is displaced by 1% of the display

haignt from its nominal positiong this displaced location
is detected by the Vidicon and racirculated back to the
eRE; macornihc its new nominal position, Again 1t is
displaced by 1% of the display height from its nominal
i.e. previous) location, Affer saveral frames, which 1is
5ti11 a {vsction of a second, appreciable display move-
rnent would have occured, with the consequent result

that the user would see a transient disolay and nothing
alses all attempts at writing-in of display data, for
exampla, would result in that written-in data disappear-

ing from nis view Lefore he has finished writing it in!

Assume that each of the subsystems introducling
distortion, that is the CRT, the Vidicon and the Vidicon
lene (see pelow) confribute a 0-01% distortion component
in tne same directios (such "linear" opto - electronic

javies are very rarely met with, and then ohly in Re=-
search Lobs).
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Rach frame tine tnen, a location is displaced
by un Lo 0.03% of the display height, For the display
to be displaced by a half of the Crame height (i.e. tO
'half disappear" from view) takes

50
— frames
0«03
or 20 = ] = 67 seconds
003 25

1

Clearly even the "best' of available equipment will be
totslly uvnsuitable for our purposes of maintaining a steady
display.

Gven CRIs , Vidicons, etc which at some given
instant may be distortion-free, will eitner with temper-
ature, supply-voltage variations or ageing etc, have
distortion introduced, thus precluding steady displays.

“?hus wholly ‘distortion-free CRT and Vidicons

are required with a 1:1 geometrical position relationship
vetween the CRT display and the Vidicon scanned area.

7,1 .3 " Permissable" Distortion
;Ihe conclusion is that corrections need be

carried out on the display locations to relocate them %o

tneir nominal locations., The time intervals between gach .

correction need be sucii, that within this time interval,
the drift due to distortion at each location, is to be
such, that whew repositioned, the display "Jjitter" on
relocation does not cause annoyance to the user.

is of the same order as the tolerable display jitter



mentioned in section 2.2.2.53 this is aboub 1-2 element
sizesyor 1in a 625 line system, about %68 o~ 0+2% display
of" helgnib.

"hus there is a tradeoff between

(a) the amount of distortion in the system
() the time intervals o5f corraction of the result-

ant cumulativa distortinn.

The shortest interval between correction 1is
one frame or Loms for any given location , and consegquent-
1y, if tnis intecval is chosen, the largest distortion can
he tolerated before corraction is required. As high
distortion is expected to occur in the cheaper commercial -
1y available equipment, and the aim of this thesis is a
low-cost economic IGC, the correction interval will be

cet at a frame time interval of Yoms.

9.1,4  Causes of Distortion
Three separate distortions are recognized in
JIDIOGLAFHIC, They are -

(s) distortion in the CRT
(b) distortion due to the Vidicon lens system
(¢) distortion in the Vidicon

The Schmidt Optics system makes no direct
contribution to the distortion, however distorted the
recultant display on the display screen may appear to be.
Sop long as the user,wien inputting graphics input infor-
ration or pointing to Features,locates the desired points
in correct relation to existing locations, these user-
ceneratad locutions, when projeclead back by the Schmidt

Optice onto the CRI for raflection again and projectiou

290
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wino ban Jiviieon phohoeo i turget, all sullfer bthe sama
distortisie as the locabiong on the viswlag screafly and
< ra tius Located in bhie correct positbion when incident. on

An indirect contribution to distortion is that,
as a "good linear®™ display is required on the viewing
screen, and because the finite size of the object ~CRI~-
screen on the focal plane of ‘the &pherical mirrsr indices
somé "pincushion distorticn, then for a resuilbant linear
display, the actual CRT display 1s deliberately "barrel”-
distorted +to compensate for this, Hence as far as the
Vidicon is concerned, the CRT display has barrel distortim
on the top of its usual distortion.

The types of distortion present, in theory
are predictable, and analytically describable. In
practice, however, due to manufacturing tolerances,
component misalignment, stray fields etc, distortions are
non-analytically describable and the distortion at one
location does not allow predication as to the distortion
at a neighbouring location, - This complicates the problem

5f distortion correction even more.

7. 1.% Fead-Forward Distortion Correction

oL

Since distortions are deviations from ideal
conditiosns which are known, the correction can be
achieved by either of two methods

(1) “Feed/Back"
W
(ii) "Feed/Forward

A fundamental problem exists with Feed/Back.

In F/3, a portion of the resultant signal is fed back,
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and generates a difference signal with the oncoming signal,
Jhich is then used to modify the oncoming signal to bea
required condition.Due to delaysete, the correction infor-
nation thus generated cannot be used on the original

signal but on signals some time later, However in our
system there is no direct correlation between the distor-
tion at adjacent locations ,and thus an "arror signal
between two successive locations would have no meaninga.
and correction would not result.

| This leaves only Feed/Forward correction, "Feed
ForWard"(FF)implies apriori knowledge of the required
corrections at any given location,and hence the storage
of these required corrections is needed. Since the
distortions at each point are considered unpredictable,
correction information must be stored for each location,

Thus a fixed storage capable of being read out
at video rates is required. The whole point of the
soonomical advantages of VIDIOGRAPHIC would be lost if
the distortisn-correction fixed store would be of the
same principle and cost as the display refresh store of
current interactive display units.

A major problem thus is to obtain a very simple means

of storing the correction information and reading it-out

at video rates.

The second major problem (actually the first as
far as imﬁiementing VIDIOGRAPHIC goes) is to obtain this
correction information, both for the CRT and the Vidicon
{the Vidicon lens and Vidicon tube may be treated as one

unit) .

This involves the measurement of the display

distortion to at least twice the maximum distortion



permitted per frame time interval(i.e. to at least 0-1%)

Present day methods of obtaining display
distortion are clumsy, expensive and not blessed with
accuracy. Computer Display CRT's are recognized to have
some degree of distortion and the order of 1% distortion
is considered to be of “high linearity". Consequently,
present day distortion measurements are not con51dered
to warrant greater precision than about 0+5% distortion.

A simple accurate means of obtaining display
distortion was found based on Moire patterns(??),
Thus the problem of display d;stortion, sp crucial to
the feasability of VIDIOGRAPHIC, rests on two problems:

(i) the measurement of the distortion of the CRT
and Vidicon subsystem.
(ii) the correction of the distortion based on this
distortion information.

. DISPLAY DISTORTION and EFFECTS

2
2.1 Introduction
Display dlstortlons are introduced in the CRT,

7
7.

in the Vidicon and by the Vidicon lens., Briefly they are:

(i) in the CRT, distortion is introduced by the
non-linearities in the scanning waveform, the

screen curvature, the deliberate "barrel

distortions" to compensate for the "pin-cushion"
distortion introduced by the Schmidt Optics, and

tube element misalignments and electro-optical
aberations. (These are further discussed in
Chapter 9).
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(1ii) in the Vidicon, distortions are due to non-
linearities in the scanning waveform, flathess
of the Vidicon photoconductive target, tube
element misalignments and electro-optical
abernations.

(iii) in the Camera lens, by the usual presence of

distortion and other optical aberrations.

The minimization of the above present distor.
tions can be achieved if the major causes of these
distortions is analysed and,particularly, if they can be
described by analytic expressions in terms of the
currents driving the - and V- deflection coils. Similar
analytic expressions but of opposite signs which, when
added to the deflecting scanning current waveforms,
effectively reduce the distortion to negligible values.
P‘he derivation of such analytic distortion expressions
is left till Chapter 9.

However the unpredictable distortion due to component
misalicnment, stray fields etc Still may be present even
if the predictable distortions are compensated for. It
is thus acsumed that these small remanent distortions,
along with the lens distortions,are still present.

7,2.,2 “Display location Transfer" Curves of VIDIOGRAPHIC
The total resultant distortion at any display
location and its effect at subsequent frame time intervals
can be obtained by three transfer curves linking:

(i) the time position of an input video pulse
"xCRT-T" to the CRT with the resultant CKT
3 n L1]
location "Xepp _p -
This is called the "CRT Time/Position Transfer

1]
Curve.



(ii) the CRT screen position " XCRT-P“ with the
resultant position on the Vidicon photoconductor
target as imaged by the Vidicon lens, "xV_P".
This is called the "Lens Transfer Curve".

(iii) The Vidicon target location, "XV-P"’ with the
resultant video time pulse output from the
Vidicon "XV_T". This is called the "Vidicon
Position/Time Transfer Curve".

(iv) Since the Vidicon time video pulse output is
fed directly to the CRT input, except for an
identical delay time for all video pulses
introduced by the "i ," Level Detector, the
transfer curve linking the Vidicon video pulse
output with the CRT video pulse input is
considered to be distortion free i.e. a line
of unity slope. This is called the "Electric

Loop Transfer curve".
These transfer curves are drawn in Fig 98.

A complete loop, anti-clockwise in this Fig.98
is equivalent teo a circulation of a particular location
signal around the CRT-Vidicon loop and hence shows any
resultant displacement of a given location,if deviations
from non-linearity (i.e. distortion)is present ., The
final "steady state" position may be found by taking
enough loops, until two successive loops are coincident
or else until the location runs off the transfer curves,

Two such! sets of transfer curves, one for the
norizontal coordinates and the other set for the vertical
coordinates,and thus for each set of scanning waveformsy
are required for both the Vidicon and the CRT,
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For the example shown, display locations 1in
the upper half of 'the display (if the T-curves refer to
the vertical coordinates) shift upwards while points
in lower half, are shifted downward. Thus a display,
as represented by the pasition transfer curves of Fig.98
would gradually "“split" into two parts,unless corrective
action is taken, ‘

7 2.3 Modified "Display Location Transfer! Curves
The actual effects for various conditions of

subsystem nonhlinearities can be seen more clearly if
the separate curves are combined together and located
within the same quadrant. It is seen from Fig, 98 that
the various transfer curves are related as follows,:

(i) for the‘CRT Time-Position Transfer Curve

YeRr-p = YeRT-T * 8YcRr ¢ ¢ v o+ v v /e

(ii) for the Lens Transfer Curve

yV_P ] yCRT_P + GYL . . . . . . . .7.2

(iii) for the Vidicon PositioneTime Transfer Curve

Yy.p =Typt 8y o o-e e e e e 73

(iv) for the Electric Loop Transfer Curve

Yerr-T = el v o o o v o o o o 7ok

where "8YcRT o "y syy" are the distortions
caused qy the CRT, lens and Vidicon subsystems
respectively.

Clearly after one cycle operating on the above
expressions,

yCRT-{‘_ , * yCRT_P]+ 8epr T AL T ¥y
i+ i

1
s s e e 7.5
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where the subscripts "i + 1" and "i" indicate successive
frame times. Glearly the term HSYCRT + 8y *+ 5yV" refer
to the total system distortion after one complete
Vidicon - CRT cycle.

If expressions 7.2, 7.3, 7.4 are combined to

yCRT_T]l = yCRT P:L+ S.YL + SYV A
+1

give

and plotted with éxpression 7.1 in the same first
quadrant, the combined "L ans-Vidicon-CRI" transfer curve,
“3* recults (see Figs,98 and 99).

The successive location of a given point ;say

"y, merely follows the “staircase" between the two
curves,and thus at a glance the expected effect of system
distortions on the graphic display can be predicted.
Several such possibilities are shown in Fig.99. Fig.99(a)
shows a graphic dlSplay moving to the bottom of the
display area w1thln four or five frame time intervals.,
Thue in the "steady state", there will be no display

yvisible.

Figure 99(b), shows the two transfer curves
werpssing" at several locations, These are called
"stable polnts“ and correspond to locations where
graphic data accumuLates; this may be either data
written in at these locations, or else data shifted from
pther locations.,

It is clear that if each display location had
its own "stable point" associated with it, the data
locations,once inserted into the CRT-Vidicon,would remain

at their original locationg



fach location having its own “stable point",of
course is equivallent to saying that the two transfer
curves are coincident at all times, and this of course
is an almost unattainable condition.

The only other alternative is to genergte these

stable points. The nurber of stable points generated

ic equal to the number of "steady-~-state" display
locations per horizontal or vertical coordinate; the
total numoer of display locations 1s equal to the product
o the horizontal and vertical stable points.

The generszhbion of stable points 1S gchieved by altering

the “"Electric Loop Transfer curve (see Fig.98), by

selectively delaying O advancing the time position of

these locations.‘The resultant transfer curve instead of

being linear as normally, now becomes non-linear and
discontinous,., When this transfer curve is combined into

the "Lens-Vidicon-CRI" Transfer Curve, tlie latter “straddles™ or
crosses tne CRT Transfer Curve a number of times,equal

to the rejuired number of locations. This is further

discussed in section 7.4,

The information required to provide this time-
advance or time-retardation information for correction
must first be obtained, Yhis is obtained from measuring
the remanent distortion of each subsystem, namely that of
the CRT and that of the Lens-Vidicon system.

7.3, HEASUREMENT of DISPLAY DISTORTION
7.%3.1 Display Distortion Measurement Reguirements
In a two dimensional display, each location
has two coordinates, the "(x,y)" or horizontal and
vertical coordinates, which are generated by two scanning

current waveforms, generating,nrthogonal time-varying
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deflection fields, Further, t.o sets of system transfer
curves are used, one for the horizontal, the other for
the vertical coordinate, and each of these coordinates
requires separate correction, Consequently two distor-
tion measurements, one for the horizontal, the other for
the vertical coordinate, need be obtained for each of the
CRT and the lens-Vidicon subsy stems,

7,3.2 Current fethods of Display Distortion Measurement

Present day methods of measuring distortion
leave much to be desired. Whatever methods exist are
based on standards associated with commercial TV receivers
( 288) . The Society of Information Display has been,
for several years, preparing standards with 1little publish-
ed results; a Workshop ( 289) is currently being organ-
ized to thrash out these problems and set standards.

Available methods are orie ntated towards
commercial TV receivers, Since up to 10-15% distortions
(see the definition of distortion in section 2.2.2.5)
are quite common in TV receivers, particularly the
vertical distortion in the upper half of the display,
while 3-5% are considered to be “"very good" liusarity,
the necessity for?highly accurate distortion measurement
is not considered to be of demanding importance.

In normal usage, if the distortion or "linearity"
ic stated “to fall within 2%"or "better than 2%, it means
that any given display 1pcation is expected to fall with-
in a circle of radius of"O-O?Hf centered at the nominal
location, where'H'is the display height. Indeed,the
accepted way of measuring distortion of a TV-type display
or CRI is by the RETMA "Ball" chart (see the example,
for a “precision" display, shown in (290)). This is a
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standard pattern, provided on a slide, which is project-
ed by a slide projector onto the screen of the display
device under measurement, This projected regular
pattern consists of a number of circles, of radii

0-01H and O;OQH,‘where"H’is the display height. Wwhen
projected from a certain distance onto the CRL, and
centered appropriaely, then an glectronic pulse
generator generates a series of dots on the CRT, ideally
to be located at the centres of these circles. For a
distortion-free CRT, the CRI generated spots coincide
with the centres of the projected circles., Otherwise,
under distortion, they fall within or outside of the
circles. Depending on their positions, if they fall
within the 0-01H circle, the distortion is, at that
location, "better than 19", If they fall within the
annulus bounded by the 0-01H and 0:02H circles, the
distortion is "better than 2%", and so on. Linearity
controls on the CRT are then adjusted to relocate the
CRT spots to within these circles..

The disadvantages are clear:

(i) accuracy expected can be no better than say
0+25%, if the result is photographed and
carefully measured.

(ii) there is no separation between the horizontal
and vertical distortion components.
(iii) possible sources of errors exists in the pulse
generator.
(iv) bulky, and difficult to set up.
(v) expensive test equipment.

Other methods include the comparison of vertical
and horizontal linear patterns ("cross-hatch" patterns)
generated on the CRT screen, with an ideally identical
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spaced cross-hatch pattern on a transparency superimposed
sn the CRT screen, Any deviations "§s", between two
corresponding lines on the patterns, that is, between

the CR[ generated line and the "transparency line’,
indicates distortion and can be calculated as

bistortion, D% =42

With a cross-hatch pattern the two horizontal and
vertical components may be separated out, However, the
other disadvantages, enumerated for the RETMA chart
method still apply to this method, The accuracy is of

the same order, i.e. 0-25% or thereabouts for this method.

For Vidicon (or any otner IV) cameras, no
physical transparency is needed for the method using
either a cross-hatch pattern or a RETMA “ball® chart. A
Whard copy" of the RETMA chart or standard pattern 1is
placed in front of the camera and scanned by it; the camera
video output is combined with the corresponding standard
pulse generator wnich was used to generate the CRT pattern
previously. The result is displayed on a CRT - the
distortion of the CRI does not influence the resultant
display as the comparison (video pulse combination) was
done prior to the CRT (238). The accuracy of the results
is again of the same order as before.

As the‘accuracy required in distortion measurement
was seen to be of at least 0-1% in both the horizontal
and the vertical coordinates, other, more accurate methods
need be devised to implement the corrections to enable
VIDIOGRAPHIC to be realized.

‘ 743:3 Distortion Measurements using Mpire Patterns
The method devised to deduce the horizontal and
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vertical CRT and Vidicon distortions is based on "Moire
patterns", or “Moire fringes". (291,292,77)
The method meets the requirements of

(i) ease of measurement
(ii) 1low cost
(iii) high accuracy - potentially to better than 0:01%.

Rather than redescribe the method, theory and results

in detail here, a reprint of the paper where this is all
described,along with results is attached in AppendixT1.5
together with some more results of direct relevence,
Only a very brief outline of the method is given here,

Briefly, Moire fringes occur when two nearly
identical patterns of lines are superimposed., If the
patterns are identical in all respects, and aligned and
superimposed, then the resultant is the same as if only
pne pattern was viewed, If the two patterns differ, or
are misaligned, certain lines overlap and intersect; these
overlaps or intersections are seen as darker regions in
the resultant pattern and are the "Moire fringes".

Two components are thus necessary for the production of
iioire fringes., In our method one of the patterns is
generated on the CRT (or scanned by the Vidicon), while
the other is a "reference transparency", superimposed in
front of the CRT under test. If the two patterns are
identical, then no Moire fringes resultj; hence no distor-
tion is produced by the CRT or the Vidicon, Otherwise if
ioire fringes occur, then distortion is present.

What makes this method especially attractive
for TV-mode displays is the inherent raster line structure
of the raster scanning process, This provides the horizon-
tal line pattern component for the CRT generated pattern.
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Phe other rattern component is a vertical"bar or'line"
zsenerator,the reqult of which is a set of "fine"

vertical lines on the CRT. The two combined form a

vervy Wfine" cross-hatch pattern.
An ideal cross-hatch pattern on a transparency is located
as near to the CRI screen surface as possible, to
eliminate parallax effects,. The resultant Moire fringes
as seen by observing the CRT screen through this cross-
hateh transparency are photographed (“hard copy") and
from tnese photographs the distortion at any point on the
~RT is obtained (see Fig.100).
The distortions are obtained from the Moire fringe spacings
at the point where distortions is being evaluated. Both
tha horizontal and vertical distortions are obtained
separately from the one hard copy photograph, satisfying

the requirement of eare of measurement.

The standard patterns are commercially available
patterns on transparencies, very similar to printers' or
photographers' Wsereens” (“screens' are used to break up
half-tones lmages into Ydot"™ structures prior bto printing)
(293).

An alternate method of finding the horizontal
or vertical distortion separately 1is aiso given., Both
methods have their particular advantages.

Similar methods are used to obtain the distors
tions of the Vidicon-lens combination. (see Appendix 11)

7.3.4 CRI and Vidicon Distortion Contour laps

From such distortion measurements a set of

distortion “eross-section"or "profiles" (see Fig.12 in
the reprint in Appendix 11 ) can be drawn across the

display area, for each of the horizontal or vertical
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distortions pf tha Vidicon or the CRT. Jolning the
distortion  measurament of each sign and magnitude, a
n3istortion contour map" of the display area catl be
drawn. Fig.101€ajshows such a distortion contour map
for the horizontal distortion for the PYE 14" TV monitor
which was available; the contours are in 0+2% distortion
inerements, ‘

The signs arise because of the unidirection .of
the scanring or horizontal raster line generationyas each
H-line is always generated from the left-hand side of the
raster of the area to the right. Similarly the vertical
direction of scanaing is from top to bottom of the raster.,
Ideally each horizontal or vertical coordinate is associat-
ed with the time interval fron the beginning of the
norizontal or vertical scan to the instant that point 1is
displayed. Distortion occurs if the instant at which the
particular display location under consideration does not
correspond to the ideal tire interval from the start of
the scanning time interval, That “instant'" of display
l1ocation generation can occur before or after its"ideal“

instant of generation.

The convention adopted for the signs of the

distortion is:

(i) a positive sign on the distortion contour maps
maantis that the display location is generated
an irstant later, than the instant for "no-
distortion". Such a display location signal would
need be advanced in time to be located at the
corract location.

(1ii) a negative sign means that the display location
is generated an instant before the instant for
"np-distortion®, Within such regions signal
generation requires a slight time delay to be

located at the correct location.
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The necessary information for display correction
can now be extracted from these distortion contour maps.
Regions in which the distortion lies between O and -0+5%
say, are delineated; this means that display locat.ons with-
in that region need be advanced by an interval from Osecs.
to "O-OOSIH" seconds where“TH"is the time taken to generate
the active (or “visible") section of the horizontal line,
and in a 625-line system is of the order of Shus., Similar-
ly regi-sns of distortion from 0+5 =1-0%, -0¢5 —» -1-0%
etc are delineated. The resultant modified distortion
rap is shown in Fig.1071(a);in this Figure, the "distortion
origin" has been shifted by - 0+8% (by adding -0+5% to all
econtours) to make the distortion negative over most of
the dicplay region so that corrections can be implemented
by delays,rather than by "time advancing" of the display

location pulses,

Four such distortion maps are necessary :

(i) the horizontal and vertical distortion map of
the CRT display.
(ii) the horizontal and vertical distortion map of
the Vidicon.

7.4 THEORY OF DISTORTION CORRECTION IN "YIDICGHRAPHIC!
7.4.1 Reguirements of Display Distortion Corrections

The purpose of system distortion correction is
to ensure that display locations are located at identical
locations during successive CRI-Vidicon cycles, This, 1t

was indicated above, is identical to the requirement of a
certain number of "stable" .voints or "cross overs" of the
two separate CRT and CRT-Vidicon-lens transfer curves,
when these are located in the "first quadrant" as in

Figs.98 and 99.



An "infinite" number of stable points of
cource means direct coincidence of the two transfer
curves over their whole length (or during the complete
scanning time interval), and this is almost imposs.ole
to achieve. The requirement is thus reduced to gener-
ating as many stable points in the Horizontal or
Vertical system transfer curves as there are required
display locations per H- or V- coordinate,

If “N " is the maximum number of horizontal display loca-..

tion and “NV“ is the maximum number of vertical display
locations, then the rasulting display available in
JIDIOGRAPHIC is positioned on a "point grig® of N X NV
locations. This is exactly the same as in the currently
available displays with say a 512 x 512,07 102% x 102k
addrescable locations grid.

The function of the distortion correction

circuits is to provide "an stzble points in the H-
goordinate system transfer curve, and "Nu stzble points
in the V-coordinate system transfer curve.

For the 625-line TV system, complete ideal
transfer curve coincidence implies that Ng= 600 and
Ny & 750 (Video-bandwidth « 7.5Mhz); since this cannot
be achieved in practice, "NH"‘and “NV" are greatly
reduced below the above maximum values, resulting in a
display grid of some 200 x 200, say. ©Such a relatively
coarse display grid is quite adequate for a working
interactive display for which VIDIOGRAPHIC was envisaged
fur (see chapter 1 - section 1,3.h43).

The number of required stable pointsﬂNé and"Ng‘
in the horizontal and vertical system transfer curves is

thus 200 per H or V- coordinate.
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From Fig.99(b) it is seen t'at stable points
can occur even with highly non-linear CRI and CRT -
Vidicon-lens transfer curves, '

The thought immediately comes tu mind that the problem

of correction would be partially or wholly solved, Lf
both curves, although by themselves showing considerable
distortion, can have this distortion tolerated so long as
they are of the same maghitude but of opposite sign to
each other. In the "first quadrant" then, these two
curves would be near-coincident, partially solving the
need for distortion correction,.

This arguement is valid if the system was
required only to maintain a stable display and refresh it,
tuat is, all of the signals circulating in the CRT-Vidicon-
looo would be acted upon by both CRT- and CRT-Vidicon-lens
Iransfer Curves. However wnen graphic data is extracted
from the electric loop and diverted into the CPU I/O
interface, th¢ location coordinates corresponding to the
graphic data do not correspond to the locations coordin-
ates as seen on the CRT display, due to the Lens-Vidicon
distortion., When these graphic display coordinates are
proccessed and reinserted into the system, then due to
the differential distortion over the display area, they
may appear, when viewed from the CRI screen on the user
Viewer screen, to be in the "wrong" display locations.
Thus the CRT and lens-Vidicon distortions present may
generate, after CPU processing,display errors and display

misalignments,

Similarly unless tne CRT transfer curve is itself
linear, then the CRT diuplay as projected onto the user
viewer screen is distorted, and any new user-graphic data
input will become "distorted" in the CRT-Vidicon system
i.e. a straight line input with the light pen and a



‘"straight edge“will appear curved by the same degree as
he CRT dictortion is, but in the opposite directlor,
'hen redisplayad one CRT-Vidicon Cycle later, causing
isalirnments and loss of user confidence,

For the same reason,newly inserted graphic data
from the CPU %/0 interface will appear distorted when
displayed in the CRT displays graphics data representing
a straight line say, will be distorted by an amount
equivalent to the lens-Vidicon distortion, gain giving
rise to display defects and loss of user-confidence.

For these reaspns the CRT and CRT-Vidicon-Lens

transfer curves must themselves be linear.

Sirce the display is located on a point grid of
Ny x Ky locations, any remanent distortions which can be
tolerated (as ideal linearity cannot be realized), must
be less than half the spacing between the H- or V-
locations, so that a location displaced dus to this
remanent distortion, is still allocated and associated

with its nominal location.

Clearly the coarser the display grid, and thus
the larger the interlocation spacing, the greater can the
remanent distortion be tolerated. Thus a tradeoff,
between the display capacity (given by NH X NV locatinns)
and the tolerated remanent distortion of the CRT or the

lens-Vidicon combination, can be made.

Hence,from this additional viewpoint of correct

registration of input graphic data with existing display
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data, the CxT and Lens-Vidicon Transfer Curves need be
nade individually linear, such that the remanent
distortion“aR“within the display area is

1
H , i ®
<
and L] . L] L] ® . . [ 7.7

V <:j-" %

The total requirement for system linearity required of the
distortion corrections circuits is as followss

(i) the number of stable points within the area
containing the display is:
(a) Ny = 200 stable points for the H-coord-
inate system transfer curve.
(b) NV = 200 stable points for the V-coord-

inate system transfer curve,

(ii) the CRT must itself have a linear CRT transfer
curves, such that any remanent distortion
within the display region 1is

GRH <—_ %
VA Y
CRI....8x" <21\,

(iii) the Vidicon-lens combination must be made
linear in the same way as the CRT. Any remanent
distortion within the Vidicon display region on
its scanned area is such that

Vidicon-lens...§gH < -5%- %
H ee.7.7(b)

Vidicon-lens .. §gV < ?ﬁ-‘%
v



7 4.2 Methods of Distortion Correction

Since these individual requirements are inter-
elated for either the H- or V- coordinate, then for both
he CRT and the CRI-Vidicon-lens Transfer Curves, these
equirements can be shown on the total system transfer
urves as in Fig.,102(a). The CRT-Vidicon-Lens Transfer
'urve is merely the "sun" of 'curve 2'and"curve 3"of Fig.98.
'hese transfer curves are effectively the current scanning
javeforms giving the time/current relationship,driving
-he electron beam-deflection coils in the CRT and the
fidicon.

To re-align the actual distorted transfer
surves with the ideal linear transfer curve to obtain
-he required number of stable points, two approaches can
e taken:

(i) the actual slope of the Scanning or transfer
curves can be piecewise altered at eacii loca-
tion or in certain regions to align the curve
with the ideal transfer curve,and leaving the
time transfer curve unaltered. This is called
the "Scanning Waveform Correction liethod",
(Fig.102).

(ii) the time-transfer curve is piecewise altered,
effectively delaying or advancing each time
pulse, indicating a display location, while the

| scanning waveform or the transfer curve is left
unaTtered. This 15 called the 'Time’ Delay

Correction Method" (Fig.103).

The result is the same for both cases - the

location is displayed at a location as if an

ideal transfer curve were operating.

Both methods have their advantages and dis-
advantages and both methods need be implemented, the

o
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main reason being the different rates at which the
horizontal and vertical location coordinates are
generated during the linear raster scanning process,

and the differing amount of information associated with a
change of a horizontal or vertical coordinate.

A horizontal line in the displeay reguires some
slius to be display generated (b4us for line interval and
10us for flyback time). For Ny = 200, this implies an

interval of some O-<3us for each location (actually O-16us,

see section 7.5.4). Attempting to correct the scanning
waveform implies that the correction need be implemented
in about & or so of this location interval i.e. 1o some
0-08us. As the irductance of the scanning coil fed by
this current scanning waveform is typically of the order
of imH in both the CRI and the Vidicon, and deflection
currents changes of the order ol O+*5mA are are associated
with each charge in location, certain problems arise when
cuch currents are switched at those. speeds of 0+03us.
wSoanning Waveform Cprrection™ is thus out of the question
for this reason, for correcting the horizontal subsystem
transfer curves,

on the other hand delaying single location-indicating

pulses, by a delay of the order of 0-3us pose NoO problems.

Thus for the horizontal distortion corraection
the "Time Delay Corrzction Method" must be used for
both the CRT and the Vidicon.

For the vertical coordinate,. it must be
remembered that a correction of a vertical coordinate
means the same correction applied to all horizontal
locations acsociated with that V-coordinate. Attempting
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to provide vsriable delays (as in the "time delay"
correction method) equally well for up to 200 horizontal
locations requires variable delay lines, programmable
shift-registers etc,which certainly increases cost;

However, since a Vertical location coordinate
changes nominally every 64us (a H-line period) and a
inductance of the order of 50mH is associated with the
V-deflection coil, the need . of switching variable
currents of the order of O-5mA or less poses little
problems, In actual fact, a staircase scanning waveform

is used, where the number of steps is equal to "Ny". (104s

or thereabouts is available during which the variable
step height (due to corrzction) is generated; this is the
horizontal line'flymbabkvtime).

Hence for the Vertical coordinate correction,
the "8canning WaVeform Correction Method"must be used for
both the CRT and the Vidicon.

7.4.% Vidicon and CRT Distortion Correction
7.4,3.1 CRT Distortion Correction
The requirement for the CRI with a linear

transfer curve is simply a linear video time-pulse input
rasulting in a linear point grid display. The time pulse
input is either from the CPU I/O interface, or the
Vidicon output, of equi-spaced time pulses sychronized by
a crystal controlled clock; each clock pulse represents

a potential display location. The location of each
horizontal line (and hence the vertical coordinate) 1is
determined by some integral number of clock pulses. This
clock thus sets the basic timing of the system.,
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With no correction applied, the resultant CRT
display, with the above linear pulse input, is a distorted
display given by two distortion maps of the type shown in
Fig.101. ‘

The horizontal distortion map provides the
selective delay information at each horizontal line
location to give the constant separation CRT horizontal
locations. Because only time delay of display information
is possible and not'time advance, the "origin" of the
distortion has been shifted to make the distortion
unidirectional over the display area; this has Dbeen shown
in Fig.101(b). Over most of the area, the distortion is
from O to 1% implying that at the beginning of gach
horizontal line (the left-hand side of the display area)
the display locations need be delayed by a time interval
eaqual to"O-O1TH: where TH = 5hps, the period of the
display portion of the horizontal line interval., At the
right-hand side of the display,the distortion being
nearly 0%, the time delay required is almost negligible.

Similarly from the vertical distortion map,
the information generating the step height of the- stair-
case scanning waveform is derived (see section 7.5.7)e

It simplifies the distortion correction require-
ments if no vertical pincushion or parrel distortion is
present , i.e. it is required that any pincushion or barrel
distortion is removed prior to this, even,if necessary,
at the cost of introducing extra non-linear spacing
between the H- lines, The removal of such distortion is
quite feasible as barrel or pincushion distortion 1s
analytically predictable at any display location, and
hence can be compensated by waveforms of similar analytic
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description (see sections 9.4), Hence it is assumed
that the horizontal display lines are at least parallel
to each other over their length, even though their
spacing is non-linear.

The resultant CRT display will after the
necessary "Time Delay Corrections",for the horizontal
coordinates of the location,and "Scanning Waveform
Correction",for the vertical coordinates, be linear at all
display points,

7.4 3,2 Vidicon Distortion Correction
For the Vidicon, the requirements are nearly
jdentical to those of the CRT., The input is a geometric-

ally linear point-grid imaged onto the photoconductive
target. The scanning mechanism, controlled by the

scanning waveform, or the "Vidicon Transfer curve“; will
generate a pulse train, whose pulse time position corresSp -
snds to the horizontal coordinate positions of the point
grid, With no distortion corrections, the resultant time
pulse train,when fed into an ideal distortion-free CRT
will appear distorted, with the resultant distortion maps
for the H- and V- direction giving the lens-Vidicon
distortions.

Again the horizontal distortion map has an
oprigin chosen to make the time delay correction unidirect-
ional.

For the vertical correction, similarly as for the CRT
correction requirements, pincushion or barrel distortion
need be eliminated, if need be at the cost of increasing
the non-linear spacing between the horizontal lines

(see section 95).
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One major difference exists between the CRT
and the Vidicon distortion correction. In the CRT, the
input time pulse positions and the resultant display
locations occur in predictable locations. The vertical
staircase scanning waveform contains as many stairs as
there are"NV'coordinates i.e. horizontal display lines.
dn the Vidicon photoconductor target, display locations
~an be incident in-between two adjacent horizontal
display lines, when graphic data is input manually with
the light pen, To be detected by the electron scanning
beam, the complete Vidicon display area nead be scanned,
Thus unlike in the CRT, the electron beam needs to
access all the scanned area, and not just the scan lines
containing the display.

Thus, analogous to the small horizontal time
intervals equal to some t=0-:3 us, associated with each
horizontal display location, there is a vertical "strip"
area associated with each display line; for 600 active
display lines, and Ny =200,three horizontal raster lines
are associated with each display line. Whatever the
output detected by the “iL1" or "iL2“ Level Detectors
in any of these three raster lines, 1t is associated with
the appropriate vertical display coordinate. The
vertical scanning waveform has its "stagir-height™ con-
trolled by the vertical distortion map information,

The resultant Vidicon output will after the
necessary " Time DelayﬂCornections“ for the horizontal
coordinates and the "Scanning Waveform Corrections®™ for
the vertical coordinates, consist of a constant time
interval pulse train, each pulse cbrreSponding to the
linear point grid display imaged at its input photocon-

ductive target.
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7.5. _STQRAGE -AND FORM OF DISTORTION CORRECTION INFORMATION
5.1 Distortion Correction Information Reguirements
The storage capaclty required for distortion

information cah be easily calculated.

For comuercially available projection CRIs and
Vidicon cameras, with pincushion or barrel distortion
removed or minimized by appropriate correction waveshapes
(see section 9.3,9.4) the remanent distortion prior to
correcticn is of the order of 0+2 - 0<5% of display
haight (For the CRT H-distortion map shown in Fig.101(a),
no pincushions distortion correction was implemented,

except for external correction magnets).

For the maximum display capacity in a 625-line
IV-system, Ny=750 and széoo, implying that the
permissable distortion after correction which can be
tolerated is, according to expression 7.7,

. — = 0.
sH < oV, < 5750 = 0+067%
1 < = 0-083%
SIS 70600

" §H"and"sV"can be considered to e the smallest
units of distortion correction, implying that they can be
used as'distortion correction incrementst Thus to
¢orrect up to 0.5% remanent distortion prior to correction,
requires up to some n = %:O 7 = 7.5"distortion units.,
Fhus up to 3 bits of distortion information for each H-
and V- coordinate per display element need be supplied.
Thus as tnereare NH'NV display locations,up to

D D
i Ty (P + o, (2B e

are required to store display connection information for
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the CrI'y where DVCHE’ iCRD 2re the dl»play dlstoltlonq
prior to correction. Substituting for 5V and 5H 'from
sbove, and having a similar expression for the Vidicon ,
the maximun total number of display distortion correction

information required 1is

N, Nv\'l“ (2Ny.Dy_cgr) + 1,(2WyDy_yrp) + lnp(2NDy gpp

+ ln (20D, y1p) bits ....7.8

For the maximum number of display location NyN, = h-5.105,
and for a remanent distortion Dy,Dy = 0+ 5%, -

In(2Nr.Dy_qgp) = 33 thus a. total number of 45.107 x 12 =
5+510° bits is required. These are to be read-out in 12
ceparate channels (3 bits in parallel for each of the H
and V corrections for the CRT and the Vidicon), 25 times
ner second (the frame rate), implying 12 separate channels
with a access and read-out rate at some 101-b1ts/uec each.

In practice the above requirements can be
relaxed somewhat, as between adjacent locations, display
distortion do not vary from O to O- 5%, but vary graduallyj
andy,as the locations and hence the distortion correction
information are accessed in an order predetermined by the
scanning process, information of 1 bit per display locabtion
is adequate, determining whether the distortion need be
changed by one distortion correction unit or not, and onhe
bit for several locations determining the sign of this
increment. Thus only approximately NH.NV bits of
correction information are required for each H and V-
coordinate for the CRT or the Vidicon.

The actual information for display distortion

correction "DDG bits"for the above values lies thus



letween the values:

L 4+5.10% < D.D.G < 12. 45,107 bits .... 7.9

hich still requires a large capacity store capable of
)eing read out at video rates of about 10M-bits per
second.,

Alternatively for any arbitrary NH’NV less
;han the above maximum value,

(10, (2N Dy_cpp) *+ 185 (2Ny.Dy_yrp) )

'wy j‘@.D;G < Nyl
P S K

7.5.2 Standard Methods of Distortion Information Storage

To implement the above storage capacity and
read-out rate requirements with magnetic core storage is
sut of the question because :

(1) the.required read-out rates of 10M-bit second
cannot as yet be achieved with current cores.

(ii) the whole exercise of VIDIOGRAPHIC would Dbe
pointless, if magnetic core storage for
distortion correction information far exceeds
the core storage required, if magnetic core
stores were used for display refresh,

Another possible,alternate method of storage
is video-tape storage, in which case at least 4 stored
frames and a maximw: of 12 (for the above values of
distortion) frames would need to be scanned simultaneously
and in synchronism, Synchronizing problems at the

beginning of each run, and during the run, tape wear and
hardware cost again would preclude this method.
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Other forms of fixed (or'read-onlfﬁ with fast read-osut
times exclude themselves because of cost,

Thus some other form of storage is required,
simultaneopusly necessitating some tradeoffs between the
amount of distortion information storage required and. the
nett nunber of display locations available on the resultant
display.

Another objection arises, as to whether the
locations by location display distortion can be obtained
exactly. 2ven though the Moire fringes method of measuring
distortion can give an accuracy of up to and better than
0-01%, the exact boundary between one amount of distortion
present and another is difficult to pinpoin precisely.

The display distortion itself 1is derived from the centre
to centre spacing of the resultant Moire fringes; however
it is a characteristic of Moire fringes, that as greater
accuracy is required and the smaller the distortions being
measured, the width of the Moire fringes increases,

making it difficult to precisely locate the centre of a
fringe, particularly when the fringe is non-linear (see
Figure 100(b), for example). Thus to be able to precisely
locate locations where distortion measurement accuracy 1is
better than 0-067% (§H = 5%—), is rather hopeful. One
can only say that within sucg and such a region,
distortion is better or worse than a certain value, accurate
to 0:06% say, but without specifying individual locations

too accurately.

This, and the above storage requirements for
the maximur number of display locations, make it necessary
for the nhumber of display locations to be reduced below the

ideal maximum capacity of Ny =750 and Ny = 600 to the’



200 x 200 locations grid display, say.

© 7a5.3 Display Distortion Storage by Graphicgl Means
It has been established that as exact display

distortion for each individual location cannot be obtained
exactly and because of the difficulties and cost in
storing and reading-out such distortion information even
if it were available, reduction in the number of display
location is necessary. The resultant reduction in

storage information, as can be seen from expression 7.8,
is greater than a simple linear proportiosnal reduction

in the number of display locations,

It is the logical policy when reducing the
number of display location, to eliminate them from the
areas where the display distortion is the greatest, As
the distortion increases away from the central axis of
the display area (see section 9.3-9.5), these peripheral
areas of the display area thus can be the first to be
eliminated from display purposes.

However, thes ripheral areas c be used to store the
distortion information in graphical form (and thus in
nalogue form) which may be read-pu t the required

video rates (imaged onto the Vidicon photoconductive

target and read-out by the Vidicon scanning electron beam).

It will be seen that this graphical form of
distortion information is nothing more than a highty
"compressed" form of the display distortion maps as shown
in Fig.101. The lines forming these distortion maps
define intervals, corresponding to certain intervals on
the actual display area, within which certain corrections
need be carried out, such as defining the interval within

which each incoming video pulse, representing a horizontal
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display location, need be retarded by a certain time delay
say, of length corresponding to the interval between two
display locations; or else defining a time interval
proportional to the step height of the vertical staircase
scanning waveshape. The information defined by the
intervals between the lines is thus in analogue form and
the correction will thus be primarily by analog circuits;
non-linearities are thus easily accomodated for,

The two side peripheral areas, on either side
of the central display area, can be used to store this
information correction, the right hand peripheral area
storing the CRT distortion information, while the left-
hand peripheral area storing the Vidicon distortion

information,

The two remaining peripheral areas, top and
bottom of the central display area are used partially for
the light pen illumination source (a thin strip at the
top of some 3-4% of display height), with the correspond-
ing section on the Vidicon scanned area blocked off, while
the remainder of the two top and bottom areas can be
divided up into an electronic"light button' keyboard (see
section 1.3.3.2) and “eue"function light keys, used in
conjunction with a light pen, Fig.105 shows the division
of the display area into functional areas,

7,5.,4 Requirements of Graphical Information Storage
Assume that N; = 200 and'NH = 200 (reduced from
the ideal maximum values of Ny = 690, Np = 750). Let the
"NV" locations occupy the central % of the display height,
while "N " occupies the central 60% of the display width.
On the RC4 18" x 24" display screen, the active display
becomes 12" x 14-Lv,

area corresponding to NV X NH



In.-2 of a display height containing 600 active

display liues? there are 400 lines, and thus for N, = 200
there are 2 active raster lines, one in each interlaced
field associated with each display line “NV"!
For a"shus long active display line, and if in 60% line
length there are NH = 200 locations, then a time interval
of

0-6 x Sk

200

~ 0-:16us,

is associated with each horizontal location, A'usual"
display location,on the pther hand,has a time interval of
some 0:08 - 0-1us associated with it.

If over the total display area the remanent
distortion prior to correction is 0-3 - 0<5% of the display
height (the values are taken for the sake of arguemenththen
approximately, over that central "active" display area, it
is some 02 - 0-3% of the display height. If "Ly" and "L"
are the actual “active" display area dimensions, then in

terms of display height wH"

- 2 _ LT
and N i A
LH =3 X 0*6H = 0-8H

implying the distortion in terms of active display dimen-
sions "LV“ and “LH" rather than full display height "[".are

- _ 0-003%H

Dy = Bga S 0-k5E
_ 0-003H p

DH = 5~ oh < 0 »36%

From expression 7,7, the allowable remanent

« » « feolZ

distortions are respectively

| - -—1—-— et _J__., — ] o
8 = TN, T 7.200 0-25%

and ' : s o3 o dllike
M= i = zomog = 0025%

i
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T7hus the correction circuitry from the stored dieplay
distorticn correction information must be capable of
correcting a maximum V-Coordinate distortion of some
0-45% to better than 0-25%,and a maximum H-coordinate
distortion of some 0-%6% to better than 0:25%, The
minimum"distortion correction. increment'can be taken
thus as 0+25%, implying that for both H-and V- distortion
correction, a correction by at most,2 such units is
necessary., This is of course for the values chosen of
0+3-0+5% distortion correction, used only to illustrate
this,

7.5.5 Horizontal Correction Graphical Storage

The CRT and the Vidicon Horizontal Distortion

Map as obhtained from . Moire Fringes measurement requires

the “distortion origin"changed so that at either the
left-hand or right-hand edge of the active display area
‘depending an tne actual distortion), the necessary
distortion correction is zero, while at all the other
display locati5ns, correction can be implemented by a
variable time delay. The distortion, obtained as a
percent distortion of full display height "H, is rescaled
to express it as percent distortion of the new active
display area dimensions "LV“’ "LHﬁ,as per expression 7.12,
Lew distortion contours in"sH'units are redrawn. This is
shown in Fig.,104(a) corresponding to the contours shown
in Fig.101(a).

Ideall& for the case where a H-distortion prior
to correction is given by 0+36% (expression 7.12),two
correction regions are only necessary from O to 0-25% and
from 0+25% to 0+36%. As the active display area corres-
ponds to S4 x 0-6 = 32-kps, then 0-25% of 32-hus corres-
ponds to a delay of 0-081us,
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However because pincusion or barrel distortion,
particularly in the vertical direction, must be removed
at sven the cost of introducing extra Horizontal distortion
(say by means of external magnets (see section 9.4 ), the
actual correction regions may, for a total distortion of
up to 0«36%, vary from 0% to 0% correction at both edges
of the active display area, and yet require correction
delays of up to 0-081us in certain central regions of
the active display areaj thus three correction regions
may be present in this case. The H-distortion of Fig.101
is redrawn in Fig,104 showing the rescaled distortion
contours,and the method of drawing the corresponding
distortion map which is to Dbe used directly as the
distortion information,and located in the peripheral areas
reserved for this graphic distortion information.

Several features of these redrawn graphic

distortion maps must Dbe mentioned?

(1) One such map is located in the Right=hand
peripheral area, which provides the horizontal
distortion correction for the CRT,and another
such map is located in the Laft=hand peripheral
area providing the distortion correction for the
Vidicon.

(ii) the height of such a distortion correction map
is identical to the height of the remailning
sctive display area. The top and botbtom edges
of the map align with the top and bottom edges
of the active display area also.

(iii) the greater the remanent distortion prior to
correction, the greater is the number of dis-

toption contours on each distortion correction



map for a given minimum distortion correction
unit”aHT

(iv) the full width of the distortion correction map
represents the full width of the active display
area. The contour spacing in the map directly
corresponds to the areas on the display area
where a certain correction is required.

(v) each distortion map contains all of the bound-
aries for each distortion correction region,
aven if these need be drawn-in or "closed"
outside the area corresponding to the active
display area, Thus at ench scan line, Lhe
same number ol lines, (although differently
spaced) wlll be detected.

(vi) Each successive palr of video pulces,corres-
ponding to each pair of these detected lines,
can control i onostables which define the
corresponding regions in the active display
area, when the electron beam scans the active
display area, where the required delays of up
to 0-08tus are required to be implemented.

The following chapter describes the circuits
nore fully and how the display correction curves are used.
Bhapter 8 contains further details of H-distortion infor-
nation interpretation.

7.5.%4 Dimensions of Graphics Storage ares.
20% or 10:8us of the active horizontal line
length is available for storing the CRT distortion infor-

natisn and another 10+8us is available for the Vidicon

distortion information.

Abodt'9;5us"of this is required for storing a
distortion map containing the 6 distortion contours, any
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successive palr specifying a region where correction of

up to 0-25% need be carried out. "7.5us"of this is used

for the actual display area correction data, the other
"yus' for the distortion contours drawn outside the

area boundaries to complete the contours, with the remain-

ing "4 us'for up t5‘3'additiqnaifiznégmfgggEééction 7.6).

On a 4" x 3" CRT display area:'}5u5"corre5ponds

£ 175&—% = 055",

Now each distortion contour can be located with a precision
of, in the worst case, of % 0.005" (particularly if
photograpnic reduction is used), The percent positioning
accuracy is thus , .

+ 04005

= = £0-9%

0-55

which corresponds to a delineation of correction boundaries
$+n the active display area of also % 0+9% or about
+ 1+8 locations., This makes little difference to the

sverall results.

The "thickness" of the lines, if made Q-01"
correspond to approximately ';i?do = Q.135us, which is
adequate as a nominal spot size is usually 0~005"

(600 lines in 3V)

7.5.7 Verticagl Correction Graphical Storage
To correct for the vertical distortion, only
one distortion “curve" is necessary for each of the CRT
and Vidicon vertical scanning waveforms. It is assumed

that pincushion or barrel distortion has been removed

leavi ng all of the horizontal display lines parallel,
but not necessarily equispaced. Thus if a distortion
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"profile" is taken through any vertical line across the
display, this distortion or "gistortion trace" 1is

jdentical for all such vertical linesy call this distortion
trace "fv . Any distortion correction applied to any
norizontal display line shifts each location within that
line by the same amount.

The resultant distortion correction line is a
single line drawn in the vertical direction, closely
adjacent to one of the R-H or L-H edges of the display,
at a maximum distance equivalent to 1us from the display
edge and thus from the horizontal blanking intervalj
for a 4" x 3" CRT display, 1us corresponds to about O 075",
As explained below, the distortion correction Tine, one
esch for the Vidicon and for t he CRT, is derived from the
above rentioned "distortion trace" and defines a time
interval, botween the adjacent edge of the display (and
hence the F-blanking intarval edge) and itself, which is
then made proportional to the correction required to make
tne display linear in the vertical direction, As such
5 correcticn line is detected each H-line interval (due
to the raster scan), the resultant correction is applied
also to each H-line, or to all points with the same

vertical coordinate.

Ideally for a staircase - scanning waveform
where the resulting screen position (either on the photo-
conductive target or the CRT sereen) is incremented by
some "Ay% the distance between adJacent vertical lines,
for a scanning current 1ncrementlAI it is required that

Ay = KDL . . o o o o o oo o e 7.1k

and for any given nth-line from the start of the scan(¥n
counts from the top of the displayLideal linearity conditions
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require that

y =ndy =KnbL . . .. .. .7.14(a)

In practice due to dlﬂtortlon, the nth line
vertical position is displaced by some AY resulting in

Pz iy e DY L e e e e e e e e e 7.15

n
= nlAy =) 4 895
1

KDAT o ¢ o6 o o o o o o s o 7.15(a)

g
H

wAY" is due to accumulated line displacements, ngy" from
their ideal locations., This cunulative displacement 1is
apparent as the resultant distortion as a percent of total
display height, obtained from Moire pattern distortion
measurement; this is the distortion trace "gV“

As fv(n) = AL(n)
Y

where ¥ "is the display height, fV(n)'is the distortion at
the "nth" horizontal line, and AY(n)"ls the accumulated
distortion aft the"nth&line.

What is required, is from expression 7.15, 7.15(a),.

n
y =KnAI +) 38y,
i
= n
=KnAI + K} 05T <« « « o . - . . 7.16
3

where "I is the individual line correction current.
As “n", the line number varies from O to 200, the
summatinn can be replaced by the integral

¢} n
i.eo 21 : 5I1<_'———_>f SI.,dfl e e ©® 8 @& e o o -7-17
o]

n
As A Yéin)= fV(n).Y - KE 517 = Kfo 1 ..dn
then kel = LEW .. ... ... .7.8
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v M
where ‘V(n) is the derivative of the distortion trace

. U ]
w.r to "a" and can be obtained graphically from ffV(n)~_
Hence the distortion enrrectisn current required to be

added to each nominal current increment "AI " is deter-

mined by the slope of the vertical distortion trace.

Although the remanent distortion is usually
ron-analytically describable, a reasonable assumption
(see section 9.4 ), is a distortiogfv(rﬂawith a
parabolic distributions thus

Frtnr av? (@)oo v v v e oo 7419

For a remanent distortion of about 0+L45%, occuring at the
extrane display edges where y(n)x 1004y and

o = 0-45.1077 . 107d (AP .

thus f'V(-;n)= 2agy(p) Ay « « o« « o o o o o 7.20

as the differentiation is only with respect to "n" and
1ot to “nAy";and hence

K§T = 28 g(n)Y. Ay « « « o = = = « « 721
6

and substituting y(n)= 1008y and Y5 2004Ay, a = 045,107
" (6y)7% .
1-8JO'2Ay

18102 KAT v v o o « « « 7.21(2)

1

results in Kpl

i.e. 5T = 1°8.41072AT . w u v o w0 . . 7222

implying that the maximum correction required ‘is equal to
1.8% of the current increment generating a step in the
current scanning staircase waveform.

Thus the variable interval or separation between
the vertical correction information line and the end of

tiie horizontal blanking pulse may be made proportional %o
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[
this required sI.

If this maximun line separation is made equiv-
alent to 1us, and if the line can be located to * 0-005",
then as 1us corresponds £o inches on a 4" x 3" CRT,
and 1ms is to accomodate up to say 2% correction (1+8%
actually), the correction accuracy per vertical coordinate
is "
+0-:005 = =L X 2% = + 0-14%.

For this distortion to become apparent, the
complete distortion correction curve must be mislocated
with the above error, as the resulting total horizontal
line displacement is due to the cumulative line mislocations.
Any errors in locating the distortion curve, would in
practice be distributed about its ideal location, reducing
any total horizontal line displacement. &ven in the
worst case, of the distortion line being displaced, the
above resulting error is still acceptable within the
limits as given by expression 7.12,

A similar set of distortion correction lines 1is
provided in the R-H peripheral area for the CRI correction
with the vertical correction line now specifying an
interval between its occurence and the beginning of the
horizontal blanking pulse. The information in any scanning
line is used to correct the CRT in the following

scanning line,

A typical video signal for one H-line, circu-
lating between the Vidicon and the CRT in the"electric
loop, with an explanation of the significance of the
7ideo pulses is shown in Fig.105.
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7.%5.7 Physical Implementation of Graphic Storage.

This graphic correction information may oe
drawn large scale, and photographically reduced with the
resultant photo-negative being the correct form i.e.
transparent correction lines o a black opaque . background.
The two sections, one for the CRT, one for the Vidicon
are then affixed on the appropriate CRT display screen
location, shown in Fig.105. The CRT luminance can be
enabled on beneath these areasS SO that more than adequate
luminance is available to indicate this correction
information for detection and imaging onto the Vidicon
photoconductive target. At each horizontal scannihg
line, a "cut" of this correction information is detected
and output from the Vidicon, and channelled to the

appropriate correction circuitry (see Fig.105).

Since the areas of the Vidicon where this
information is imaged on is itself not corrected (other
ttan to the remanent distortion prior to qorrectian),
it may be thought that extra unwanted distortions are re-
introduced into the system. These inserted distortions
are in fact negligible. Even allowing for the fact that
the full 0-5% remanent distortion appears across the i
distortion correctisn storage area, of some ’7.5ﬁs width,
giving an effective distortion there of 0-5% X %3 % 3-8%,
the fact that the full correction information only has
a full correction effect of some 0-5%, means that a 3.8%
distortion in this information has a (3-8% of 0-5%) overall
distortion effect i.e., a resultant 0+02% added distortion
may be introduced, which is totally negligible.

7.5.8 Graphic Storage for Larger Capacity Displays
For displays requiring a larger display point

crid Ny x N, of say 400 x 400, which would :



(1) eliminate area available for graphic information
storage,

yet (2) require more information storage area,

2 second Vidicon camera (cost $300) is required, whose’
sple function is to scan in synchronism with the master
system timing (the quartz-controlled clock), a fixed
display, back-lit, containing all the necessary system
ocorrection information in graphic form as above.

In this case from 80-100% of the CRT display
(and hence of the Vidicon in the CRT-Vidicon loop) may
nead Lo be utilized to get the required display locations,
while up to 100% of another display area may be utilized
for correction information storage.

7.6, SUMMARY
(1) To maintain a steady display wlhich does not
move off the viewing Screen,a 1:1 geometrical
positional relation between the CRT and
Vidicon scanned areas need be maintained.
Deviations from such 1:1 relationshins are due

to CRT Vidicon or Camera lens distortion.

(z) Tunis requirement is almost impossible to

achieve in practice,as CRT and Vidicon distortions

are always present. However ifs

(i) the active display area is divided into
a grid of finite display subareaS; whithin
eachl such area a display location 1is
assumed to be located. The area of each
subarea is to be such that if a display
location is shifted due to-CRT or Vidicon
distortion, after one CRT-Vidicon cycle,
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the location, although -displaced, still
falls within its own subarea.

(i) if corrective action is taken to relocate
these display locations back to their
nominal locatiosn after each CRI-Vidicon cydle.

display results,

Relocstions of display locations at each frame
interval implies that the informatiosn specify-
ing the correction need be knowu.,and bBe made
available at each frame time to activate the
necessary correction circuitry.

Prior to the specification of correction infor-
mation, the distortion of the CRT and Vidicon
need be determined very precisely - to betber
then C+1%. This has 2Zeen achieved by the

Moire Fringe method of distortion determiration,

The CRT and Vidicon heed be made as distortion
free as possible, with the then remanent
distortion to be measured and hence corrected,
This means that:

(i) linear scanning current waveforms need be
used..

(1i) pincushion and barrel distorticn need be
removed by feeding in analytically defined
waveforms into the scanning circuits,

(iip moderately"high "quality CRT and Vidicon
tubes need be used with no gross mis-align-
ment of the major tube components with respect
to the CRT and Vidicon tube axis.



(6)

(7)

(8)

(9)

(10)

The remanent distortion measured (up to 1%
distortion may remain) can be expressed 1n the
form »f "distortion maps" with distortion
contours defining the regions where certain
distortions occur. These maps, by suitably
changing signs and scales, call be converted %to
a correction distortion map with correction

contours drawn in.

The distortion correetion map directly generates
the required correction inforration for the
correction circuits.,

For the vertical distortion correction infor-
mation, a vertical coordinate distortion trace
results,defining a horizontal interval between
it and some straight vertical line at any
vertical coordinate. This horizontal interval
defines a time interval within each horizontal
seanning line,which directly specifies the
vertical correction.

For the horizontal distortion, a distortion
correction map nearly identical to the original
distortion map is reguired, with the difference
being that the correction map is scaled down by
o factor of approximately 4:1. Certain other
coding and control lines are drawn adjacent to
this distortion correction graphic storage
information to help decode it and gate it to
the apprdpriate correction circuits.

The graphic distortion information, both the
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(11)

(13)

"yertical distortion trace" and the "H-distortion
correction map" are stored, to be available for
the correction circuits, by scribing them on
black film in the correct size (a reduction of
about L4:1 in the horizontal direction and full
scale in the vertical direction) and affixing
these scribed films in areas on either side of
the centrally located active display area.

The active display area, containing the actual
interactive display area of 200 x 200 address-
able locations, is located horizontally in the
central 60% of the maximum scanned area, and in
the vertical directidn; located in the central
£ of the heiht of the scanned area.

The distortion correction graphics information
for the Vidicon is located in the Left-Hand
remaining 20% of the H-scanned area, while the
distortion correction information for the CRT
is stored in the Right Hand remaining 20% of
the H-scanned area.’

During the raster scan of the display area, the
set of scribed lines within any given horizontal
scanning line, imaged onto the Vidicon~ photo-
target, are detected at the Vidicon output as
video pulses, processed by the correction circuits
and the necessary correction -information gener-
ated.

'"he remaining upper and lower parts of the display
can be used for “light button" keyboard and
function keyboards. The thin strip at the top of
the CRT display area is required as the illumin-
ating source for the light pen.

s e e eeoesbeceoesoan
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CHAPTER 8

DISPLAY DISTORTION :_
CORRECTION IN "VIDEOGRAPHIC"

8.1, VERTICAL SCANKNI.G WAVSFORM GENZRATION STCRAGE AND
CORBECTICH,
3.,1.17. Reguirements

The vertical scanning waveform-generating
circuits provide a driving current waveform for the
vertical deflection coils of the Vidicon and the CRT,
such that the Vidicon scanning beam and CRT display-
generating beam are positioned to generate tne vertical

display coordinates of the reguired lin=arity.

These circuits and the V-deflaection coils are

required to perform three functions:

(i) ensuring that pincushion or barrel distortion is
absent.

(ii) deflecting the electron beam to nominal display
locations by a linear staircase scanning wave -
form; )

(iii) accurately deflecting the beam to the required
display locctions, from information derived from
the"Vertical distortion correction line" infor-

mation.

Each of the two interlaced fields in a TV frame
interval can contain up to about 300 active display lines
with a period of 6h4pS associated with each line; 10mps
of this period is the “horizontal blanked interval", allow-
ing for electron beam flyback to the L-H edge of the
display. This 10us period cah Bbe used to generate the

it



nominally linear scanning staircase waveform, witn the

corraction being generated withitn the interval defined

by tha lagging edge of the horizontal blanked interval

» . 0 B .
and the Vvertical distortion corraction line"

For both the CRT and the Vidicon the requirements

are very similar, except for the following differences:

(1)

(ii)

For the CRT, the display need be generated only
at the required locations, that is, at 200
vertical coordinates, spaced within the central
£ of the display height. Hence no field inter-
lacing is required, with the two filelds being
superimposed directly. A staircase current
waveform is used for the V-sweep, of 300 steps,
with the central 200 steps defining the active
display area,

In the Vidicon, as the whole of the scanned
area needs be scanned, the fields are interlaced
by starting the first H-line of every alternate
field at half the vertical staircase step height,
with the subsequent H-lines abt normal step
height. The two fields are thus fully inter-
laced, with the two adjacent lines of the
Jidicon output (in alternate fields) associated
with, and displayed at, a single CRT display
line.

The Vertical coordinate correction in the
Vidicon is generated after the nominal height
staircase step, as the "Vidicon Vertical Dis-

tortion Corrsction Line"™ is adjacent to the

L-H display edge (the start of the H- blanked
interval),

The ecorrection for the CRT is generated prior to
the nominal stepheight, as the "CRI Vertical
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pistortion Correction Line" is adjacent to the
R-H edge of the display (the end of the Hw
blanked interval).

(iii) The magnitude of the currents to drive the
deflection coils are different in the Vidicon
and the CRI', For the Vidicon, the current
amplitude to provide the total display height
deflection is some 20-30mA,while for the CRT
the current amplitude is some 500mA. Thus for
the Vidicon circuits, outputs from I-C oper-
ational amplifiers can be directly used to
drive the deflection coils;while for the CRT,
several stages of power amplifiers are required,
In commercial CRTs, the input V-coil scanning
waveform is often a voltage waveform and not a
current waveform,as the impedance of the V-coils
is mainly resistive and not inductive at the
relatively low V- scanning frequenciss of 50-60:iz,
It is shown in Appendix 4,6,2 that a voltage
stailrcase waveform driving typical vertical
det'l:ction colls (evaluated for the 14" pPYg 'V
monitor) does not satisfy the requirements of
an equivalent current staircase waveform, as
the transient effects due to the small coil
inductance present,manifest themselves as
display distortion, too large to be economically
corrected by the circuits described below.
Current amplifiers are thus required,

The requirements for the Vertical Scanning
Aaveform Generation and Correction Circuits are specific-
ally as follovs:



¢ii)

(iii)

(iv)

(v)

(vi)

the scanning staircase waveform has a
repetition duration of 20ms, with each
staircase step of 64us duration. The timing
control signals are derived from the system
clock,

The number of steps, allowing for vertical
retrace time of about 2ms etc, is about 300;
the central 200 steps generate the active
display area. For the CRI, successive stair-
case waveforms are identical, while for the
Vidicon the first step in alternate staircase
waveforms is half. the height of the other steps
in the staircases, This allows for full
2:1 interlacing in the Vidicon,

the step height is generated within the 10us
"norizontal retrace'time, otherwise called the
"Horizontal Blanking Intervall

the correct "Vertical Correction Line" must be
detected within the video signal from among all
of the other correctisn lines, The interval
between its occurence (or detectiosn) and the

"horizontal blanking"signal lagging edge (or

leading edge, for the CRT), determines the
correction to be added to the nominal step
height,

provision for pincushion or barrel distortion
must be provided., The actual signals or wave-
forms for this is provided elsewhere and explainel
in section 9.k,

a summing circuit to combine all of the above
signals,consisting of the nominal scanning



staircase, the distortion correction, and
pincushion distortion elimination, to form the
resultant scanning waveform to generate a
linear display.

(vii) suitable amplifiers and current drivers to
provide adequate power drive for the scanning
coils. |

(viii) the V-gprrection line and associated eorrection
interval have been given in section 7.5.7.

The timitig contrcl signagls are all derived
from the system clock, and are assumed to be available on

separate signal lines,

3.1.¢ _Implementation
8.1.2.1 Vidicon Implementation
A block diagram with the required control

timing signals is shown in Fig,106 and 107.

Referring to these,the V-scanning system is as
follows:
At the beginning of each 20ms field, the ocutput feeding
the deflection coils is assumed to be zero. The two
timing pulses “THS" and "THE"’ which define the H-
blanking interval, turn on an R-S Flip/Flop nov whose
"1" output is thus a sharply defined 10us pulse at a
repetition interval of 64us, This 10us pulse is fed into
a "Constant Output Level Circuit "2",giving a 10ps long
output pulse of constant height, voltage supply-variation-
and temserzture-variation stebilized, Thnis constant
nulse, fed through Summer ™", where the V-distortion
corraction is combined,controls a fast-response Pulse
Integrator, The repetitive pulse input generates a
linear ramp of 1Cus duration for each input pulse; the

output remains constent at the ramp value after 10us,
for the fsllowing S4us (the display width) until the next
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pulse, when the following "step" is generated., The
result is the nominal staircase as shown in Fig.106,

Similarly the pulse defining the lagging edge
of the H-blanking interval and any pulse within an inter-
ral of 1ps from that lagging edge (the V-correction line
pulse ,when fed into another R-E Flip/Flop'“B", define
a pulse of up to a maximum of 1ps long. This is fed
into a Constant Output Level Circuit ®1" and surmed at
Surmer "1" with the 10us pulse, resulting in a pulse
length of constant height, controlling the total step
height of the output of the integrator, giving the required
corracted step height. ©Sinece the 10us pulse generates
approximately 100% of the step height (the V-correction
beinz only 1-2% at the most),while up to 1us pulse width
of the corresction nulse corresponds to a maximum of 2%
say, of the step height, the two input resistors at
"Surmer "1" would need to be scaled by 5:1 w.r to each other

The output of the Pulse Integrator is fed into
another Surmer "2" which sums. tk4at and the analog pin-
cushion distortion correction waveform derived elsewhere
(see section 9.4 ),

The resultant is appropriately scaled at this
summing junction; since the V-coil current required in
Vidicons is of the order of 25-30mA, I-C Op-Amps can Be
uded directly to drive the V- deflection coils.

The staircase is generated until the last (or
bottom") display line, whereupon the vertical blanking
pulse singal "TSE" (at about 18ms from the beginning of
the V-scan) is generated to initiate the' vertical retrace!
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The same V-Blank pulse signal "TS?" controls a HEI-

iy
discharge circuit for the Ihtegrator which resets the
Intezrator at zero output until the next field scanning

waveform at t = 20ms is initiated again,

To provide alternate field interlacing, every
alternante vertical field "start-scan" pulse "TSS" is used
to define a Sus time interval (say via a Monostabls "M1%)
which when appropriately gated, ensures that the first
stzircase step-defining pulse in alternate fields is only
sus and not 10ms longs the first step in the scanting
current waveform is thus of half-height, resulting in the
beam being deflected by half its normal interline deflec-

~

tion increment, ensuring 2:1 interlacing.

Tre above circults are implemented in rathar
simple,yet effective éircuits, anhd described,with results
ziven in chapter 11, The curreant staircase linearity
(not the display linearity) is tetter than ©-25% linear.
ihie staircase non-linearity itself is part of the scan-
ning systew non-linearity,manifesting itself as disnlay
distortion. Thus when the*Vertical Distortion Man' is
obtained using the Moire Fringe method, the atove circult
should be used, with the V-corresction input inhibited,
The V-deflectioh block diagrem is shown in Fig.107.

R.1,2.2, CaT Implementation
1he CRT scanning waveform generation circuitry

is very similar to the above with the exception that:

(i) the 2:1 interlacing subcircuit is not required,
(ii) different timing pulses are used to determine
the correction interval, because the' CRT V-

: L i oo e
correction pulse occurs prior to the H-planking
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interval (due to being adjacent to the L-H
display edge). 1In the R-S Flip Flop corres-
ponding to R-S F-F "3", the "Set" pulse is now
the"V-correction line"pulse,while the "Heset"
pulse is that defining the leading edge of the
H-blanking interval "I " (see Fig, 106 ).
(iii) the input to the deflection coils need be of
the order of 500uA; thus I-C Op-Amps can no
longer be used, For the TV monitor under teasn,
the scannicg staircase waveform need be ampli-
fied to some 70-80V before being inserted into
the existing CRT circuitry; these linear
amplifiiers are also described in Chaptertl.

The above circuits can be implemented juite
rezdily [rom readily available I-C Op- Amps, RIL or iTL
logic, and reedily available transistors, the total cost
of sach V-deflection system being less than $ 30(4).

32, HORIZONTAL SCABNING WAVEFORY GANZRATIC., SI'ORAGZ,
ARD CORRECTION . - GAENSRAL COMMENTS

8.2.1 Introduction

3.2.1.1, General

I'he Horizontal Scanning Waveform Generating
Circuits provide the driving current waveform For the
horizontal deflection coils of the Vidicon and the CRT,
such that the Vidicon scanning zeam and CRT display-
gener:ting electron beam are positioned to generate the
horizontal display coordinates of the reguired linzarity,

at the required display locations,

The mechanism of generating these H-coordinate
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display locations is quibte different to the V- coordinate,
as also is the method of providing the corrections to

generste the linear display.

8,2,1,2., CRT. Horizontal Coordinate Generation
For any fixed vertical coordinate, the scanning
hear ic deflected in the horizontal direction at nominally

a constant rate, Locations are displayed on the CRT
screen hy enatling on the electron bzam at such time
instants ac to result in nominally linear horizontal
location positions, Ideally for a linear H- scanning
current waveform (or linear sawtooth ), and a constant
time interval pulse train modulating the electron beam,

a linear display in the H-direction should resulf.
Distortiosn in the CRT time-position transfer cucve
precludac this, The stored graphic information controls
variable delay circuits which selectively delay the pulses
in the pulse-train modulating the electron beam, such that
a linear H-direction display occurs,

Thus in a CRT, a nominally linear norizontal
scanning waveform deflects the electron beam, while a
constant period or "synchronous" pulse train is the input
tp generate the displayj the correction circuits reposition
the pulses in the pulse train by selectively delaying
them, resulting in an "asynchronous pulse train, The
result is then a linear H-coordinate display.
For the following sections, the following notation is useds

(a) The “constant time intarval Video input pulses
from the Vidicon or the CRT fed into the CRI,
prior to correction,is called

"< ]
Vegp(n &) ;)



345

with " At =~ 0-161us ,being the pulse period,
"n" being the pulse count corresponding to the
“nth'Horizontal location.

(b) The variably delayed or repositioned pulses
after correction,fed into the CRT electron beam
modulation circuits generating the CRT screen
locations is called

. " }]
n)out OF Just Vepp(t) Jit

u .,
%RﬁnAt+ $ ¢
where "stn“ is the required delay corresponding to
the'nth horizontallocation,

8,2,1.,3, Vijdicon Horizontal-Coordinate Generation

In a Vidicon on the other hand, a somewhat
different process occurs, The linear CRT display or the
linear user-input information is imaged onto the Vidicon
photoconductor target via the Vidicon Camera lens,
resulting in a distorted image; for a typical camera
lens and a.cerrectly aligned Vidicon with respect to the
lens, the lens distortion may be of the order of 0-25%,0r
less, of scanned area height, Over the scanned area
corresponding to the active display area, the distortion
may be O0.15%,or less,

At any fixed vertical coordinate, the scanning beam is
deflected in the horizontal direction at nominally a
constant rate., A video output pulse is generated at
the coincidence of the scanning beam and a stored charge
corresponding to an imaged CRT location., Ideally for a
linear H-scanning current waveform and a constant lihear
CRI display, the output video pulse train should have
constant time separation between pulses, Due to the
combined distortion of the camera lens and the’Vidicon



Transfer Curveg the output video pulse train has non-
constant interpulse-tine-separation and thus appears
"distorted", Morevoerssome expected video pulses may

be "missing" from some lines or even from "adjacent"
lines within a field due to remanent pincushion distor-
tion, but with interlaced scanning,these "missing" video
pulses will appear in the video signals in lines corres-
ponding to adjacent lines to the line from which the
Video nulses are missing, i.e, these pulses are displaced
into the interlaced field.Thus distortion occurs in both
coordinates, due to the lens distortion not having a
preferred direction of distortion. To allow for this
vertical distortion, effectively analogous to pincusion
or barrel distortion in a CRT, 2:1 interlaced scanning is
used with the output of 1 line per field, (and thus a
"strip" of 2 line width) is associated with each display
H-line of the CRT; whatever CRT location is imaged within
that 2 line-wide strip,is redisplayed onto one CRT H-
display line (see Fig.122(d)).

The remanent Vertical distortion or pihcushion
or tarrel distortion is not quite as severe as expected.
The Vidicon can have its own pincushion or barrel
distortisn corrected by similar waveforms.derived analytic-
ally as for eliminating CRT barrel or pincushion distortion
(see section 9,4, 3 ), Depending on whether the lens
has barrel or pincushion distortion, the Vidicon wave-
shape can be under-or-over compensated to nullify the
lens distortion, leaving a remanent pincusion distortion
of less than 0-1% or thereabouts., This is very much less
than a line width and thus a "distorted" location would
still fall within the 2 line-wide strip associated with

each location,
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The graphic stored information controls
Varicble Delay ©ircuits which selectively delay the
pulses in the video output train, repositioning them with
respect to each other such that the interpulse time

separation is constant,

In a Vidicon then, a nominally linear horizontal
scanning waveform deflects the electron beam, with an
image of a linear CRT display,somewhat distorted by the
camera lens,being incident at the input, i.e., the photo-
conductive target, The correction circuits reposition
the oputput video pulses to result in z linear time pulse
train,

For the following sections,particularly in
section 3.4, the following notation is useds

(1) the distorted pulse train from the Vidicon
target output, requiring correction,is called

v n
out °F Just Vypp(6) ..

(L)
VVID(D At + 5tn)

where “5tn" is the time deviation of the “nth"horizon-
tal locatinn from its ideal undistorted
locatinn,

(?) the corracted or fepositioned pulses after
corrective delays have Bbeen implemented are

called
i v' (1]
VID(nAt)
where " At" =~ 0-161us,the corrected pulse period,
wnpt is the pulse count corresponding to the'nth"

horizontal location.
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8.,2,1.4 Differences between H- and V- correction

The two cases of CRT and Vidicon H- coordinate

deflection and correction are different and thus warrant

separate treatment. It is also radically different to

the form of correction required and implemented for the

vertical-coordinate generation and correction. The

differences are:

(1)

e
S

Jertical distortion correction depends on
altering the scanning waveform and thus the
position of the deflected beam, while Horizontal
distortion correction depends on the selective

time delay of the enabling pulses of the elect-
tron beam in the CRT or the output Video pulse

in the Vidicon, no matter whether the scanning

of the beam is linear or not (i.e., scannhing
velocity is constant or not). The difference in
method is due to the difference in the speeds
required to physically reposition electron

teams - if the beam is to be shifted (Mcorrected
by one location within, say, 1 of the time normal-
ly taken by the beam to travel from location to
location, then about"12us"are available for the
vertical coordinate and about"O-OBus“for the
Horizontsl coordinate, a speed ratio of about
40031 !

each vertical coordinate may be individually

corrected as the raster scanning process ensures

that the "unusable" display area available for
correction information storage is scanned at
each vertical coordinate, enabling any vertical
distortion correction stored to be accessed,
and correction-to be implemented for each line
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(.e. for eacl vertical coordinate). Ior the
horizontzl coordinate however, continuous

scanning occurs within each active display line
and no unusable display area is avallable between
successive display locations to store distortion
correction information, The distortion informa-
tion is stored prior to the display for all of
the 200 Horizontal display locations per H-line,
Consequently in the relatively limited area
available for this correction information, the
correction information is itself limited and thus

resultant correction cannot be as precise as

for the y-coordinate. Consequently the display
capacity is set by the precision of H-distortion
corraction capable of being specified within the
distortion correction space, The "ultimate"
would be to have as many correction lines within
that area as there are horizontal locations -

in this case 200 correction lines would need %o
be stored] This of course is not poscible (see
section 7.5.5).

8.3. H-SCANNING WAVEFQRI GENERATICHN AND CORRICTION FOR
VIDICONS
3.3.1 Interpretation of Graphic H-Distortion Correction

Information.

To simnlify the description and avoid repetit-
ion, the H-distortion of the Vidicon prior to correction
is assured to be identical to CRT distortion showh in
Fig.,101 and having the form of the DistortionC orrection
Information as in Fig.ic4(a) (in fact, with pincushion
distortiosn removed (and that in Fig.,101 still has pin-
cushiosn distortion), the distortion is much less and more
symmetrical about the centre of the display; thus in actual
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practice,the number of distortion regions requiring
correction increments of 0:25% would be less than that
shown in Fig.104).

For two adjacent contours, say the -0-:25% and
-0+5% contour, it means that locations specified within
that area need be delayed by a time interval varying from
0-25% to 0+5% of the time required to sweep across the
active display area i.e. 0:25% t5 0-5% of 32-Ups the latter
being the sweep time for the active area display. This,
remembering that R;=200 locations are located within that
sweep-time,means a delay equivalent of between.% to 1
interlocation sweep time lnterval "At, with other distor-
tions correction regions requiring delays measured in
increments of one half of a interlocation sweep Time

" .
intervsl i.e.“%t ps; " At" is equal bto %(2)—6& = 0-162us.,

The other information obtained from the distor-
tion correction map is that if"32-hu§‘is the electron
beam -sweep time across the active display area, then say
for the section AA' in Fig.104(a), the interval where the
%%t o'at"delay need be implemented,lies between'Tq"and
(1,5 *+ 3-5)us and again between (T,g + 20-2)us and |
(T,g + 28)us, where "T,¢" corresponds to the time for
the scanning waveform to reach the Left-Hand boundary
of the active display area. The Correction Information
C urves give exactly that same information, allowing for
the fact that they are compressed by a factor of
32-5/7-5 = 43241, as the display information lies in an
Hetime sweep interval of"7-5usf

Specifically then, for the line AA' of Fig.104(a):
(a) 1locations displayed in the region defined in
the H-scanning time interval by”TAS"to (T,g* 3+5)us

" 6 .
need be delayed from between_%f to "OBtus,
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(b) display locations between (TAS+3 -5)us to

(TAS+20 +2 )us need be delayed from between
"At'lto 1 At

(¢) display locations between (T st20+2)us to
(LQS+28)us need be delayed from between
£
"At" to é-i;us
(d) the remaining display locations between
(T s+28)us to (TAS+32 *L4)us need be delayed

from JLL to Ous

B.3,2, H-Distortion Correction by Variable Delays
The variable delay can be provided by feeding
"Vem(t) 4" , the Vidicon output pulse train requiring
correction,into a parallel set of Shift Registers, (one
of which is enabled on at any instant), video pulse by
video pulse, wblch are then shifted pulse by pulse by a

clock pulse of ‘ot us interval,and output from the
9

Reglsterseﬂz'bgug"clock oulse intervals, The input is
thus the "distorted" or"anynchronous' video pulse train,
while the output 1s the corrected,"synchronous'pulse train
with the appropriate delay;"VVID(cLAt)t The number of
shifts per Bhift Register is 1 ,2 , 3, 4,.,etc respectively,
and the particular Shift Register giving the required delsy
is enablzd on for a period equal to that specified by the
Dy stortion Correction information, and implemented by
control signals derived therefrom, A set of subeircuits
which are activated by the Correction Information Lines
implement the zeneration of these ¢orrection intervals,
by 1inear Voltage-controlledD&onoStables, whose "1® sutput
pulse width in the"quasistable"state,is made propor-
tional to the time interval specified by any two consec-

utive correction information (or "distortion lines").
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This is done by integrating a pulse whose duration is
defined by the corresponding two consecutive distortion
contour pulses, and the resulting Integrator voltage
output Being the required Monostable control voltage.
The output Monostable pulse duratisn is the control
signal to gate in to the appropriate shift register, the
monostable "ON" trigger pulse corresponding exactly to
one of the boundary correction lines,and its duration
equal to the required time interval between two consec-
utive correction contour lines,

To ensure that the proper sequence of gating the shift
registers is carried out, the "control 1lines" drawn

Just prior to tne correction iaformation lines are
necessary within the H-scan time interval between t=11us
and 12us, These provide the additional control for correct
gating as explained in section 8,3.3.1 below,

Bafore explaining the rH-deflection and correction
system shown in Fig,108-112, the subcircuits required are
listed below- they are:

(i) =& linear Horizontal Scanning Current wWaveform

Generator. This is described inh chapterll.

For the Vidicon under test, an output scanning
sawthooth current waveform of 120-130mA peak

t> peak is required. The relatively simple one
designed has a linearity of better than 0-+3%,
Within the active display area its linearity is
better than 0-2%,

(ii) a number of linear Voltagze Controlled Monostables
(VCiis) whose ™i" output pulse length, the durs-

tion of the quasi-stable state, is directkly
proportional to the control voltage. These are



(iii)

(iv)

temperature-and supply-voltage-variation
stabilized and have linearity of the order
of 0+3% over a pulse duration variation of
30:1. The circuit and performance are given
in chapter 11,

The control voltage is taken from a
simple rulse Integrator (the pulse length
being defined by the distortion correction
lines) through high~input impedence analogue
buffers, The linearity of the Integrator is of
the porder of 0+3% or better. The circuit and
perfommance are given in chapter 11.

Thus a number of variable Bulse-length Inte-
grators is required,

a set of"variable-length"Shift Registers, whose

pulse inputs are shifted by H-clock pulses of

twice the repetition rate of the nominal
]

"At- OU.t
(i.e. pulse period of %3 ~ 0.08us), The length

and number of required &hift Registers, is 1,

effective repetition rate Of'VVID(n'At + 5tn)

© ,3 ....bits, the maximum length depending on
the maximum distortion to be corrected, this
being '
(maximum distortion present) %
0 25%

For the case taken, as the distortion to be
corrected, {rom Fig.10W, is up to 1+25%, it
implies that 5 Shift Registers are required,

of length 1, 2, 3, 4, 5, bit positions respect-
ively.
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Bach Sihift Register is enabled on when
"Virp(E) 4" 1s gated in at the appropriate
time with the output of a particularM ono-
stable. The outputs of all the shift registers
are OR-ed together, the output from this being
the corrected linear video pulse - putput
"T;p(nBAt)" corresponding to the CRT display
luminance positions imaged onto the photo-con-
ductor target of the Vidicon,

appropriate gating and selection logic,

(RTL or TIL implemented), capable of about

20lhz speeds is also required (as'At’ corresponds
[} [{]
to 0r162us, J%L correspsnds to 0-081us),

RIL or TTL logic capable of at least operating
at > 13%lhz is required).

o H-Correctinn Implementation

Thes block diggram of the circuit is shown in

fig,109,11C,112 with the reguired timihg control signals

shown in Fig,108 and 111.

(1)

(ii)

The explanation of the circuit is in two parts:
the subsystem which extracts and defines within
the active display &ares, the regions where the
required corrections are to be implemented,
(this subsystem is also common for the CRT).

the subsystem cornsisting of the shift registers
where the variable delay correction ig implemen-
ted,

3.2.%.1 Generation of H-Correction Control Signals

sy stem

Referring to Fig, 109, the time origin of the

f-clock is tzken at'Tyg, the start of the hori-
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zontal blanking interval (see Fig.106), From the systam
Helock, two pulses at"t=11ps ("Iog") and"t = 12ps"("I55")
are used to gate-in the "control" pulses "Pci" present

in the video signal during that interval,via the R-S Flip/
Flop "2"; in the case shown in Fig.104, up to 2 pulses
(corresponding to two lines) can be expected. These are
used to control further logic., The function of these
control signals is explained further below, For the line
corresponding to AA' in Fig.104 no control line signals
are precent in this interval and hence this logic is not
activeated. Clock pulses at't=12ns"and"t=20+8 us'red into
the R-S Flip Flop 1" define a time interval within which
the actual distortion information is expected.

Now it is the property of distortion contours
that if a straight line (such as AA' in Fig.104) is drawn
across an area containing them, then the intersection
hetween the line and any two adjacent contours specify
aither the same distortion contour, or else they specify
two contours differing by only one distortion contour unit,
Consequently if any contoured area such as the distortion
corre-tion information area has all of the contours
"closed", even by closing them outside the distortion area,
such as by the vertical lines within the interval
t = 12us to t = 13us), then any line drawn across the
contours cuts them in a predetermined order, Specifically

f'or the section AA':

(1) the 1-st line encountered @nd first pulse within
the H-correction time interval) defines the"0%
Distortion Line.

(2) The 2nd line (2nd pulse) defines the '=0-25%
Distortion Line"

-355
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(3) the 3rd line defines the'-0-5% Distortion Line.w

(4)  the Yth line defines the'-0-5% Distortion Line,"

(5) the 5th line defines the"-0-2%¥%Distortion Line,"

(6) the 6th line defines the*0% Distortion Line.'
All of these 6 lines may or may not be present, but the
sequence of lines and the resulting pulses define the
distortion regions in the above sequence,

These pulses defining these lines are fed into
a‘3-bit Counter “C?, and then each input pulse '
is extracted by the resulting serial-to-parallel conversions
two consecutive pulses are fed into a number of S-R Flip/
Flops F[Fs "9-13" (Fig.110), with the result that each of
these Flip/FIOps has a "1" output of duration proportional

to the time interval between two successive distortion

correction lines,

{ioreover,

(1) F/F m™9" is associated with O to -0-25% correc-
tion, i.e. with the up to 4%Eucorrection Shift
Register,

(2) F/F ™1O" is associated with the “between.J%L

to At" correction Shift Register.

(3) F/F ™1" is associated with the "between At to
14%3 " oorrection Shift Régister,

(4) F/F ™12 is associated with the "between At to
J%L " correction Shift Register.

(5) F/F n{3" js gssociated with the "between%ﬁ to OV

correction Shift Register,

The output from each of these F.F's is fed into
2 set of Constant Output Level C ircuits (see Fig.110) which
ara temperature—and—supply-voltagevvariation stabilized.

The output of these is further fed into a set of linear
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Pulse Integrators "1-7", The resultant output voltage

at each Integrator is directly proportional to the inter-
vals between the distortion correctianilines, Because
these intervals are scaled down by a ratio of 4-32:1, with
respect to the actual active display area, the Integrator
Output Voltage is proportional to the corresponding active
display correction line intervals,

The outputs of these Integrations are fed, via
high-input impedance Buffers, to 7 linear Voltage Controlled
Monostables "V-C Monos 1-7", When a trigger pulse initiates
the quasi-stable state, the resulting duration of this
output pulse is directly proportional to the control~vbltage
and thus,by appropriate scaling,can be made identically
equal to the H-sweep time duration between the two cprres-
ponding distortion lines on the active display area.

At't = 20-8us"(“TAS"),the L.H. boundary of
the active dlsplay area, a H-clock pulse triggers V-C
Monostable “1“. The lagging edge of the quasistable "1"
output pulse is detected and triggers V-C Monostable "2"
whose lagging edge of the "i" output pulse subsequently
triggers Monostable "3" and so on.

. Thus in synchronism with the horizontal scan-
ning beam (synched by the "TAS" pulse),the Monostables in
turn define the regions on the active display region
associated with the required ghift Register correction.

These Monostable outputs are AND-ed ( gates "16-20")
with theVidicon video output and fed as input into the
appropriate Shift Register, As at any instant only one
Monostable is "on", only one Shift Registef has an input

and only one type of correction is performed.
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I'he atove circuit arrangement is valid for
Bevmuatcical™ distortion distribubions about the ceuntre
axis of the active display area i.e. where a distortion
contour can be "closed" oy a line just outside of the
L.H edge of tre display distortion corraction area. This
symmetry of distortion is the usual distortion distribution

nder normal conditions, However the CxXT under consider-
ation with the distortion map in Fig.104, shows asymmetry
in th: bottom R.H, cornsc as evidenced by the"-0:75% and
the"-1.0%"contours present (see cross-section Hﬁ').
"Contour clacure" cannob be implemented and yet this case
must ke differentiated from the above; otherwise the‘LO-75%
contour" would be read as a'-O-S% contour and the"-1%
contour“wmuld he read as ; -O~25%‘histortian coutour"etc,
by tne socove logic decoding circuits, For this reason the
"eontrol lines® in tie interval't = 11us to t = 12us'are
precsent, oue lire emch for the presence of each additional
cnitbour over that allowed for in the “normal' correction
rasion,

Ine "enntrol lines" gvenerzte signals and control loglic via
FI[F "e" (Fig.109) which extracts the required correction

lines fro. the sequence switching the 3-bit counter "C1'ﬂ

Ihe firet sulse occuriung within this "conbtrol
5 . s s - il i
1i.e" interval indicates the opresence of a =0-75% contour
- ] f
and hetice a subsequent region where a -SAt to 2At shift

Register corrzction need ba applied.

I'he bth pistortion Line pulse normally associ-
shed with s "o O«5%" line is extracted from the 3-bit
Sounter "CL" via the R-5 F/F "3" and is used to control
seprate fliofFlops R-§ FfF "5" and "I" F/F "7".with
suibsenuert Pulse Integrator "é", Voltage Controlled

Monostaplz "EM and so on. If no second "control line"
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pulses occurs, it implies that the next (5th) Distortiosn
Line, if present, (see contour BB') is also a"-0.75%
distortion contour. If so, control returns to the 3-bit
Counter "C." as F[F "7", having detected the two pulses
corresponding to the -0:75% contours enables the Counter
input again; the two consecutive distortion lines reset Eﬁ‘"?"
hack to iks "O" state and reset F/F 3also to its "OVstate.

If two “control lines" are present, the sequence
of the contour lines are ,..." -0-75%, "-1%" respectively;
again the Counter "C1" is inhibited as in the "-0-75%
detection“circuit . The Fig,109 shows a circuit arrangement
catering for 2 "control lines",

For very distorted displays, rquiring more Pistortion
Lines in the Graphic Histortion.ﬁnformation, added gating
logic stuzses of the form as AND-gate "2", R-S F/F nhn
4iD-gate "8" ana "I" F/F "M€" ., is added in parallel,
Arzain, sucn control and distortion lines definé intervals,
which when fed into further Pulse Integrators, generate

in tha = .ove fashion, the required display correction

i syncbhronism with the scanning beam.

The timing disgram in Fig,108 shows the nature
nf the timirg signals and resultant Monostable intervals
for the line AA' in Fig.104(b).

3,3.3.2 Variable Delay Shift Registers

The bank »f Shift Registers required to perform
the v riable correction delays on the Vidicon osutput
nulse train is shown in Fig.132.

Ihe ghift-Registers are built from R-5, or J-K,
I-C Flip/Flops, and must be capable of operating up to
clock rates of 15 Mhz, Fairchild RTL Micrologic ,or better
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Still TIL are suitsable from this viewpoint and are alss

chesp enough,

The Viden input pulses requiring delay, even
with the distortion present, have a mlnlmum inter-pulse
Eime interval of the order of Zkt s 0:16us. The shifting
of these pulses from Register-location to successive
Registar-locations and the clearing of previsus locations
4 F- clock derived pulse rate of repetition rate

Q
Q
o
c
~
[47]
L]
ot

i " m . . . 3 .
o' =*& +081us, Thus no possibility can occur of a video
input pulse being inserted into an uncleared Register-
locations any two consecutive video pulse are twp Register-

locations apart,

fdowever the Vidicon response may be such that
Evo adjacent position bulses may not be displayed as two
feparate pulses but us one pulse of double the pulse width,
Corsequently ior a d-‘ rqu/rl)p an ambiguous "1" would
result ir fhe Set" and "Reset" pulses are present simultan-
eously, ns"Recet" pulses are presented after each 51ngle
pul se mput. A JK l*llo/Flop on the other 'hand,Has a true
1" oubput after g "Sat® pulse regardless whether a'ReGPt
pulse is preseat or not simultaneously, Thus a J-K Flip/
#lop is used as the first stage of each Correction Shift

Register,

Referring to Fig, 112, when a location is shifted
from the previsus lOCdtan to the successive location, it
ie delayed by "5t the' AND-gate propagation delay"
(l.e. alib-gate "21" "22" ete) and in the case of shifting

Detveen tre firet reyister location of each shift register
and the sscond registar locatlons, by an additional "5t
the On-gate propagation delay)
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As

A
A + 6t0<7t 3 . L) [ ] o . ] o . 8.1

5t
that shift pulse sets to "1"the successive F/F stage of
the Shift Register prior to the next clock pulse, Simul-
taneously that shift pulse is fed back to clear the pre=
vious F/F; the gate-delays“stA“ensure that no race
nrotlems in the cleared F/FA occurs, The AND-gate (e.g.
AiiD-gate "21"  "2L" otc) ensures that a true pulse is
propagated by the simultaneous presence of the H-clock
pulse and the video pulse in the previous d%gister-location.

gach Enilft Hegister is enabled on by gating in
"VVID(t)out“ with the corresponding Monostsble time inter-
7zl indiczting the region within which that correction
must e cuarried subt, Since such an interval defines a
correctinn region from say ~0.25% to -0+5% (the S hift
register on Fig.,112, fed by AND-gate "17") equivalent to
Regicter delays of from 1 to 2 Register~location shifts
the iapubt pulses within “VVID(t)out" require delays

from : '
"2—'3? - AT"to "A—z—t satT" L. ... 8.0
I Ar- n ﬂ AT" t "AT" '
_\-g_,ere I 0. Dl = 0 is the

delay correction performed by the first F/F of each
Register, Uonsejuently“the bbssiﬂiliff_gizéts-of_Video
input pulses being coincident or near-coincident with the
si-clock snift pulses; with thg F/F switching and propa-
gation delays "5tF1" taken into account, a pulse requiring
only a A ’l"’delay may be instead delayed by AT + %1:- instead.
[hie ie because for pulses corresponding to display loca-
tions adjacent to distortion boundaries AP w 0,and thus

6tF/F> AT e o o » o o e o ._ e e o & 8.3
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resulting in the "1" output of F.F "15", say, being
presented to the AND-gate"21x after the H- clock pulse!
Only at the following H-clock pulse (and thus after an
added %; delay) will that pulse be shifted to the
following register location., Thus display locations near
distortion region boundaries may be displaced by half a
location position, and at the subsequent CRT-Vidicon cycle,
will be rejected, The visible display may thus have a
"ghost" irage of the H-distortion map as on Fig. 104(a)

(or parts of 1t) visible by some required display locations

not displayed at those points,

The AND-gate "™ 22", in parallel to the first
stage of the Shift Register circumvents this undesirable
effect., The AND-gate "22" is enabled only when the H-clock
pulse and the input pulses within "VVID(t)out“ are coinci.
dent, or near-coincident enough to enable it on. It thus
segts the second Register F/F of each Shift Register
(in this case F/F-“17"),(or else is output directly when
only a delay of up to" éﬁ us is required) with the OR-gate-
delayRSt (which aporoaches AT) later., This OR-gate,
outout pulse also clears F/F "15" which by this time

interval has been set to Wi",

The output of all the correction ghift Registers
is OR-ed, the output being the required corrected output,

The timing diagram ‘in Fig.112 illustrates this
more clearly.
Only the pulse shifts in the first two stages of any Shift
Hecistzr have been given as these race’problems occur in
the first F/F of each register. No truth tables and state
tables are given for the Shift Register circuits, as

meaningful information for such continuouély varying
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N,
asynchronous input pulses tends to be marginal; the timing
diagram 1s more illustrative,

The complete Vidicon H-correction and deflectiosn
system is shown in Fig.113,

8.3.3.3, Accuracy of Correction System

The possibility of two S.hift Registers being
enabled on at any given instant (particularly during the
transition from one distortion region to another) does not
occur, as the lagging edge pulse of one Monostable triggers
thas following Monostable, the edge being detected by a
"Lagging-edge Pulse Detector"; the overall delay during
this transition between shift registers is much less than
" At", the separation between two adjacent video pulses

prior to correction,

The accuracy of specifying the lagginhg edge of
a Monostable depends on the linearity of the "control
voltage / output quasi-stable state duration" relationship;
this (see chapter 11) is better than 0-3%., The
absolute accuracy in specifying the boundary is to be
better than " At"™ (to fall in between 2 display locations),

As the accurascy of a Monostable is better than
0.3%, it ic clear that the longer the duratiosn of the
quasistable state, the more likely is 0+3% of the pulse
duration approach '"at".

In the worst case the maximum pulse duration
of a Monostable is 32-4us, the width of the active display
areaj as this contains 200 display locations, with
location separation beingﬁAt: then 0+3% accuracy corres-
ponds to a boundary specification with an uncertainty of
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some "0.6QAt", which is of the order required. In
practice, M onostable pulse duration is equivalent to less
than 200 display location time intervals; thus the %
non-linearity in pulse length duration equivalent to “n"
display locations which can be tolerated is

- s
n.At 0100% b n o 100% [ L[] L] ® [ ] 8.’"

Thus to specify a display region of % of the active diSplay
width (a typical  distortion region - see Fig.104), n = 50
and thus the monostable lagging edge position uncertainty
which can be tolerated is 2%,

However the accuracy of theP ulse I ntegrators
genernting the contrpl voltage for the lMonostables,and
of the Monostables themselves (particularly in the ability
to specify the position of its lagging edge and hence of
the pulse duration when fall times become appreciable with
pulse duration), depend on the absolute pulse duration,

and decrease as pulse duration decreases,

The decrease in Pulse Integrator linearity and
v‘onostable "control-voltage/puISe length" linearity with
decreasing pulse length are adequately accomodated in the
ralaxed conditiosns for accurately specifying the lagging
adges of the monostables,

The circuits described above thus perform the
variable Hoprizontal-coordinate correction for the Vidicon.
For a "non-linear" ¥idicon output "VVID(t)out“ evidenced by
the"asynchronous"video nulse train, the output of the
nank of Shift Registers is the required corrected'linear”
(or Ysynchroroud') video pulse train "VVID(n At)" and is
suitable as direct CPU input via the CPU I/ 0 interface unit.
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dore usually it is recirculated back into the CRT for
displa: refreshing.

8.4, H- SCANNING WAVEFORM GENERATION AND CORKECTION HOR CRT
3.%.1 Introduction )

The video input pulse train to the CRT .
"VCRT(ntst)m“ consists of constant period pulses origin-
ating eitrer from the corrected Vidicon output pulse train
or else from the CPU IfO unit, The resultant CRT screen
display would appear distorted unless correction on this
irput pulse train is performed., The CRT H-coordinate
T.orrection Circuits reposition these input pulses by
Selectively delaying them; the resultant corrected pulses
actually entering the CRT heam-modulatisn circuit consist
of =n apparently “distorted" pulse train (i.e. interpulse
time ittevvals are no longer constant) which results in a
linear “-coordinate CRT display; this is "VCRT(t)out'"
Ihic is ir contredistinction to the actiosn of the Vidicon

H-coordinate C orrection Circuits where the periods between
the video pulses »rior to eorrection were non-constant,
and after correctioh, were constant resulting in a
"synchronous" pulse train. The H-coordinate correction
requirements ir the CRT are the opposite to that required

in the 7idicon,

For th: Vidicon as stated above in sectisn 8,3,
the corrected, repositioned pulses "Vyp(nA )" are made
coincident with H-clock pulses; the exact distortion
correction which corresponds to the amount of time delay
required, is' not reauired to be known exactly, so long
zs 1%t is known within which correctisn range a given
zosition pulse falls i.e, whether, say, between 0-25- 0+5%
delay i¢ reguired, or not, The viden position pulse is
then ga%ted into the appropriate Gerrectinn Shift Register;
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tha tive inters/nl between its entry into that Shiflt

Regist:r and its exit and read-out by an H-clock pulse,
corresponds to the required time delay correction.,

o CRI t ther hand, the positions
of each pulse within the input video pulse train is known
since it is a "synchronous" pulse train, "VCRT('nAt)in" 3
each such pulse must be repositioned individually by a
different amount of delay by the Correction Circuits,
These difflering corrections for each pulse ars analytically
non-describable and are only described by'distortion maps !
analogous to the H-correction maps for the Vidicon; yet
such mape only specify correction increment regions and
not point by point dorrection information, Hence in CRT

H-coordinate correction some degree of approximations
must be tolerated.
Overall, the H-coordinate correction in GRTs is more

complex thsn in the Vidicon,

.information,

.4,2.1 General Interpretation

I'he identical H«distortion map as for the
Vidicon is used to illustrate an actual case of distortion
correction, It was, after all, derived for the 14" TV
monitor ander test (77). It must be remembered that for
this particulsr distortion map, pincushion distortion was
not removed by analytically describable correction wave-
forms (see sectiocn 9,4 ) as would normally be the case.
The distortion showt* and to be corrected,is thus much
greater than would normally be expected; however, it may
he taken as the'worst case"distortion, The resultant
Correction Circuits will help to show that,in principle,

any degree of distortion can be corrected.
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The distortion convention (referring to the
orizinal distortion map in Fig,.101(a) states that within
display areas bounded by positive 31gns, locations are
displayed behind their no distortion ideal" locations,. and
thus need be advanced in time, while within display areas
bounded by negative signs,locations are displayed prior to
their"no-distortion ideal’ locations, and thus need be

delayed in time.

As the remanent distortion requirements for the
CRT are identical to those of the Vidicor, and since for
both devices, corrective delays need be implemented, the
previously derived distortion map, with 0-25% distortion
contours as shown in Fig.104(a) is valid for the CRT,
It 1s shown redrawn, and with slight modifications, in
Fig.114(z2).

The meaning of the distortion contours is also

identical to the meaning for the Vidicon.

Thus for the line AA'

(1) locations to be diSpIAyed in the region defined

in the H-scanning time interval by “TAs to
"TAS + 3. 5“u§;Ageed be progre551vely delayed
from between 5 to ‘btus"where At = 0-162us.
(TAS.-co 8us, the time indicator from the
start of a H- scanning interval, corresponding

to the start of the active display area).

(2) locations to be displayed in the region defined
by "T,s + 3:5"as to "T, o + 20-2M"us need be
AS AS ,
progressively delayed from betwegn "At" to jAt s
and thence back to ‘At'us again,



(3) locations to Be displayed in the region defined
by "T,c + 20-2%us to "T,. + 28us" need be
A : AS M M .At []
progressively delayed from between At to us.

(4) the remaining display locations located between
"T o+ 28"as to "I, + 32-4"us need be progress-
AS AS uAt h
ively delayed from between = to Ous,
Thus the distortion contours, as before, specify regions
where the delay 1is given by an integral number of°O-25%
correction increments' and a variable délay of magnitude
less than a'O-25% correction increment .

The near identical distortion requirements
for the CRT to those of the Vidicon and the very similar
H-distortion maps in both cases (in actual cases the two
Hodistortion maps are very different but the distortion
contours specify identical distortion increments), suggests

that at lezst the Distortion Information Graphics Storage is

identical in form for both the Vidicon and the CRT, as
shown in Fig.104(b), 1In fact only slight differences,
mentioned below, exist.

I'he location of this graphics information is in the R-H
section of tie CRT scanned area as shown in Fig,105,

A further conrequence of the similarity between
the CKT and Vidicon distortion graphical information is
that the logic and circuitry decoding this graphical infor-
mation will be very similar to that required for the
Vidicon H-correction decoding circuitry.

5,4,2,2, Approximations

Fig.120 shows the delay provided to several

equi-spaced pulses, corresponding to the input video pulse
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train, "VCRT (rxAt)in" resulting in the corrected pulse

troin giving the linear CRT display "VCRT(t)

\ :
sut ¢+ The

example shown correspohds roughly to a section of the
AA' line in Fig, 114(a), in the vicinity of the maximum
distortion line (the broken line in the figure).
Several facts are readily seen from this:

(i)

(ii)

within each region defined by two consecutive
distortion lines, the required correction delay
gradually increases (or when moving away from
the centre of the display, decreases), with the
inerease in delay (or decrease) between the
first and last location within ﬁFe distortion
region being a time interval of %-.—.'0-081 us.'

As a first approximation, then, 1t may be
assumed to vary linearly, torresponding to a
linear increase (or decrease) in the delay re-
quired, The linear rate of increase being such
that the resultant location pulse delay increases
(or decreases) betw%fn any two consec utive
distortion lines by &F = 0-081us’,

Within the "central®™ region, defined in the
distortion map on Fig.114(a) by the 2 distortion
lings of'—0-5%"distortion, and in other distor-
tion maps, by any 2 consecutive distortion lines
of the same distortion, a maximum distortion
occurs for any H-line, For the line AA', this
maximum distortion is about'-0763%'occuring at
asproximately “TAS + 12"us, Within the region
"T,g + 3.5"us to qTAS + 12"us the distortion
(and hence correction delay) increases to this
maximun distortion. Past this maximum distor-
tion, within the region'“TAS + 12%us to
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"T,g *+.20-2"us, the distortion (and hence

correction delay) decreases back to"-o-5%f

This"trace of maximum d istortion"is required
and is shown drawn in a broken line (for emphasis) in
Flg 114(a); it is treated by the Graphics Distortion
quorwaul it Decoding Logic and Circuitry as just another
distortizn line., The value of this maximum distortisn
changes from horlzontdl line fo horizontal llne, from a
maximum of qome -O 75% aL the -O 75% contour to a distor.
tion of "-0+6% near the centre of the display area. It is
thus a function of the vertical coordinate. As the

avﬂltude of the maximum dlStOIthﬂ is also required, an
qddadetlcal Correctlonl,lne of 31mllar form to the
"7 ertical Coordinate G orrection Line' (see section 7.6) is
provided. This is further explained below in Section
343,502,

2.4.3 H- Correction Implementakion
2.4.2.1 Introduction

The variable correction delay can be nrovided
by feeding “VCRT(D’At)in" into a set of Shift Registers
it parallel, one Shift Register of which is enabled'sn"
ot any instant. The "V CRT(D'At)ln pulses are shifted
pulse by pulse by a trigger or shift pulse train of nom-

inally'd&tﬂseparation, but in fact, of variable interpulse

time separation, of the required corrected time spacing.
The put is thus the®synchronous"video pulse train,

while the output is the'asynchronous"pulse train “vCRT(t%uﬁ'
to result i a lineur H-coordinate CRT display (see Fig.120),
<he variable period shift or trigger oulse train is

obtzined from Voltuge Controlled Astable Multivibrator
(V.C.A) ,whose leading edges are detected and provide an



impulse trzin, The V.C,A canh be synchronized or preset
to have its leading edges start at any required instant
by external reset pulses, such as the pulse indicationg

the start of the active display area "TAS" or by Distortion

Lire pulses etc,

8.4.2,2., Correction by Voltage Contrplled Astable

Multivibration,
For a Voltage Controlled Astable, the resultant

frequency is given by
£ = Vo + K.,V

where "y is the control voltage
"VO“ and "K" are constants,
The period'At"between the leading edges of two adjacent
nulses is clearly
1

T =4 = —
AI‘ - f . ‘Io o+ Kv e o . . . o s o 0815

For a change in the period from " AT" to some ™ AT45T"

then AT"’&Tz?—*_—]—&? ....oo.oco8o6

which,if §f < £, reduces to

Ar + 5T = Lo A& ... .o, 86(a)
£ f.2
‘ ; "ar’
Hence the % change in the period AT is clearly given by

"‘%fconuoooo8c7

Y 8.7(a)

showing that a % change in the period is given an equivaient
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%change in the fre juency of a V.C.A if the frequency
deviation is less than, say, 20%.

For a "very distorted "CRT, assume a distor-
tion corresponding £5'0:.5%"(=> At = 0-:161us), will occur
within a scanning time interval as short as, say 2us
(in practice as can be seen from Fig,10Y4, this normally
w1ll occur within a time interval of normally, sy, 5-10us).
dithin 2ns, approximately 12.display locations may occur,
each separated by"At"sees.Within that interval, the 12th
pulse will be shifted ("delayed") by an extra "At" with
respect to tire 1st pulse, over and above the normal®12At®
rulse intervalsg as that extra " At" shift has bean intro-
duced gradually in a linear fasion over the 12 pulses,
the period of the findl nulse "[§T12" is given by
ATi; =BT + 8Ty,

§T4o = —ﬁ%-.—-AT, the change in period from

Wwhere L
2 ,n - its nominal value " AT"
i
Hence 810 = 1—2 ® 015, satisfying the requirement of
A 7 sE< £,

Thus even in the unlikely case of the distortion
pradient quoted above, the V,C,A gives the required time

T

delay correction correctly,

Fig.114(b) illustrates the resultant output
pulse periods under varying control voltage for a Voltage
Controlled Astable,

A4 simple ultra-linear VCA with a very linear rangée of
zbout k:1 is described in chapter 11. Yo obtain a range
of 1:1+15 in such a VCA poses no problems,
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8.4,.2 3 Requirements of Correction Voltages for the VCA

Now the separation between any two adjacent
distorhion lines implies that shift pulses into the Shift
Register, from the VCA, have an added accumulated time
delay between the first and last shift pulse, in the

distort%on range defined by the distortion lines, equal
L] ]
to %L us.,

If it is assumed that this added time delay
due to the decrease of VCA frequency is introduced grad-
uzlly in a linear fashion (as is is assumed distortion
between 2 adjacent distortion lines increases (decreases)
linearly), such that the first location pulse within such
a distortion region is least (most) delayed while the
last location pulse is delayed most (least), then

Dt L
5 = y §E; o e e e e e e e e e 8.8

i
where Wp"  is the number of location pulses within
that distortion region
and “5;{ is the delay of the "ith" pulse within

that region.

If "5tjf, the added (decreased) delay due to the VCA
frequency decreasing (or increasing), 1s provided by a
linear decreasing ramp correction voltage, then according
to expression 8.,7(a)

8% < BV4
or 5{;1 =(T;_A_£. Gvi .......,,'.,8.9
_o+V
K

= C. 5V. e o o ®» o o © o o o @ .8.9(3)
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v +V
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- K

Where e

“5Vi" is the instantaneous ramp correction
voltage.

Thus from expression 8.8,
At _ L
s C):i:'. 8V

. " ) .
Since 5Vi"1s a value of a ramp correction voltage

5V, o< n At n=1,2.,1,..n
or

8V, = L.nAt 2 o B E e 3 ene o 3 3001
where "L" is tne slope of the ramp correction voltage.
Thus At = C.L.BAt .Y Jn oo v. .. 82

c i
= CL, At s BB+ 1) o o s«+s » B8.12(a)
2

or 1 = C.L . n(n+1) . .......8,13

As the distance between any two consecutive
distortion lines is pronortional to the number "n" of
display locations within that region, and»aéiavio<n "
from above, it can be seen that, from expression 8.13,

”n L1}
to keep —5 constant, for a varying "n", “L", the slope

of the correcting control ramp voltage must be varied.

h ]
Cleaarly for constant 1%5 y the ramp slope variation must be

1

L M—_— L] L) L ] L o * L L ] L] ; . .' l8.1’+
n- +n
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As this voltage ramp performs the correction, it must be
known prior to the implementation of the correction,

Thus in addition to specifying the regions where

istortion Correction Regions are required, the
inforration derived from the Graphic H-distortionC urves

must also specify information to generate the slope of the

"ramp correctiosn voltage'into the VCA.

8,4,3.,4, Generation of Correction Voltages fro the VC
The method of deriving this ramp slope infor-

mation is as fnllows:

(i)  from expression 8.14, the slope “L" is clearly
dependent on "n", the number of possible
display locations within the region specified
by two adjacent distortion lines, and hence, as
display locations are nominally equispaced in
time, the slope "L" is dependent on the time
interval defined by two adjacent distortion
curves,

(ii) If He~clock derived pulses are gated with such
a time interval when the H-distortion CRT lines
are scanned from the CRT graphics stored infor-
mation in the R-H portion of the CRI scanned
area, the number of such H-clock pulses gives
this time interval directly. The pulses may be
fed into a"Ripple Counter, one such Ripple
Counter for each expected distortion region.

A stored, digital representation of the time
interval corresponding to each distortion
region is thus available, '
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(iii)

For the case shown in Fig.,11k(a),
distortion ranges from O to'-1+25%," and with
"O-25%"distortion regions requireing specify-
ing, 5 such regions are expected. Moreover,

since each distortion increment has, in a
symmetrically distributed distortion map, two
distortion regions (one, where distortion

increases, say from‘LO-25% to -0‘5%;'and another

region where distortion decreases, from '-0-5%
to -0+25%" ), 10 such distortion regions can be
expected.In the actual case shown, due to the

unsymmetrical distortion map in the lower Right-

hand region,only 7 such distortion regions are
thus present, Hence 7 Reglsters or Rippla
Gounters'must be provided to define the time
intervel of these distortion regions. Sinhce
in theory, a distortion region can vary in
width from about 1 to 200 location time-inter-
vals and thus can be specified by up to 200
i-pulses, each ripple counter would need to be
up to B-bits long.

4s each of these counts (up to 200 possible
counts) would need to be associated with a
different corvrection voltage ramp slope,
(expression 5,14),greatly increasing the amount
of logic and hybrid circuitry requlred, some
form of compromise need be made.

In practice thus, each such counter is a L-bit
counter., lThus the active display region is
effectively quantized into up to 16 regions,
each of jgég— x 2us length and consequently
there will be up to 16 different voltage ramp
slopes poscible., 1In our case, as seen in .
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Fig,114(b) ,the longest distortisn ragion
gt B is dpprox1mately 16us long Consequently
only a 3 bit Ripple Counteruls required,
Ihe distortion regions will also be quantized
into 2pus increments rather thapn into the
conflnuouQ" time 1ncremenfs before. However
the same contlnuous distortion map as before
still can be used with the quantitizing being
hardware-lmjlemented
LThe upper half of the circuit in Fig.116(down
£o CSL "1~ 2") accomplishes this,
‘he C{f H-distortion correctisn information
+akn< "6 5u°”ta Sscan horizontally (as distinet
from"7.5us" for the Vidicon H-distortion infor-
mation), Ihis'6-5us"need be quantized iato 16
reglions corresponding to the 16 quantized
regions of the active dlcolay area, Thus
indicator pulses of -——g = 0-406us are required.
AsS %; x 0-081us" clock-pulses are avsilable for
the Vidicon H-correction Shllf Reglcterq and
as 5 x %f O ho5us then dividing the " if
pulse train" by’ 5 provides the necessary quan-
tized region indicator pulses,

The distortion line pulses "P." opccuring
within the (6+5 + 1)us interval, from”55-5 to
63" us, are gated into a Ripple(?ounter
labelled " <+ 8 Counter, cr, simllar to the
Vidicon H-correction gating circuit " Counter
"C1" in Fig,109, The Serially-to-parallel
decoded pulse counts, are fed into a set of
R-S Fllp/FlOpS bl AL (corresponding to R-S F/Fs
"9-13" in Fig, 110), with the first Distortion
Line puilse "B's fed into the first R-S ?ﬁ i
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which is oue of a set of FF's in parallel
with the first, and labelled R-S F[Fs "i'.7'n,

The additional AND-gates, in between,
ensure that the subsequent Set and Reset pulses
for F/Fs mi¥_7¢" oecur at the required 0-406us
time markers, derived from the "4 5 Counter,
C,". The time outputs specified by F/Fs"1'-7'"
corresponding to the Distortion Regions are
thus approximated into quantized 0-406us
increments which when scaled up by a factor of
"4.e99:1" (=32-4:6-5) during the active display
region scanning interval, result in-the required
2us quantized. distortion regions,

The outputs from the FFs "1'.7'" then
specify the distortion intervals by being gated
with the (%E + 5) pulses, and are then fed
serially into the corresponding 3-bit Ripple
Counters "R"1- 7n to specify the time distortion
interval digitally. |
Also, as for the Vidicon H- distortion Correction
Circuits,the Eﬁ%ﬂ1'- 7'n specified time intervals
are fed into Pulse Integrators PI "1 - 7" to
specify the same time intervals, in an analog
form by having the Integrator output valtage
control"Voltage Controlled Monostables VCMs
" - M in a similar fashion as the VCMs "1 - 7"
in Fig.110.

Similar modification to the gating circuits
enabled by the "control lines", defining the
assymmetrical distortion regions of
"_0.75", - "1.25%, need also be made. (This
is left till Section 8,4.3,6),



(iv)

(v)

Por the Section AA* in Fig.114(a) the modified

or 2ps-interval quantized distortion regions
become :

(1)

(2)

(3)

(L)

(5)

The small differences between the actual correc-
tion required and the correction implemented due
to the resultant corréction boundaries not. ‘being

corresponding to the reglon TAC to
"TAS + 3.5"3us ,t.he region is defined as
from_TAS to ! TAS + 4's,

corresponding to the region" TAs + 3.5 us
to"T + 11-8" us the reglon is defined as
"I + h 'us to "T,s + 12"us,

corresponding to the region'iTAs + 11-8}hs
to "T,q + 20-2"us, the region is defined
as from "TAS + 12"us to'{TAS + 22"us.

corresponding to the region "TAS + 20-2"us
to "TAS + 28"us the region is deflned as
from "TAS + 22"ps to".TAS + 28 'us.

. t n W "
the region from YT,o + 28 'us to PAS+32-H us
the region is defined as from "Tyg +28'hs to
" T,g *+32 us”,

exactly coincident with the measured correction
boundaries can be neglected,as they fall well

within the permissable remanent distortion after

correction of less than 0-:25%,

The 3-bits in each Register "R 1.7" specify a
"
number up to"8,each corresponding to one of the

8 possible lengths or durations of distortion
regions,
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Associated with each of these 8 possible
integers is a Pulse Integrator PI."8 - 15%
gach having a different slope of the resultant
ramp output- when a constant level pulse is
inte.grated,

This can be achieved by a simple 3-bit Decoder
labelled "M1“ in Fig.117, which makes available all of the
8 possible outputs, individually enabling its correspond-
ing Pulse Integrator. As there are 7 Registers,the 3-inputs
to’ Decoder M1"is via 3 "7-input OR-gates", from the corres-
ponding bit positions from all of the registers, "R !'. At
any instant only one Register "Ri“~is ehabled "on?

By suitable logic and gating,each of these
numbers is gated to its corresponding Pulse Integrator, and
integration is initiated at the appropriate instant by the
"{" putput from its corresponding Voltage Controlled
Monostable VOM "1 - 7" and for the appropriate length of
time corresponding to the distortion region - refer to
Fig.117.

The output of the Integrator,to a constant level
input pulse,is a ramp voltage, whose slope can be controlled
by the value of its"control"resistor or"control"capacitor
(see section 11.5.3). The output voltage at any instant
of the Integrator depends on the slope and the previous
duration of the integrated pulse. These ramp voltages are
the "Correction Voltages" to the control voltage governing
the frequency and hence period of the VCA which gives the
trigger shift pulses to the Shift Registers performing the
regquired pulse delays.

The required output slopes for the various
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interval length distortion regions can be found as
follows:

If the count in one of the Registers is Mmn,
it Spe01lies a distortion region of 2us Width, similarly
a count of "2" specifles a distortion region of "Lus' width
and so onj a count of "8" thus specifies a distortion

region of "16us?
Within a width of 2us there are

—<— , 200 =~ 12-3 pulses, say 12 pulses nominally
32: 4
corresponding to 12 H- coordinate locations,
Similarly within a width of 16us there are some 98 pulses.
Now from expression 8.13,
the slooe L of the ramp voltage is given by

1

L =
C.n{n + 1)
wiBnRe ngn ='(V e_\t;:) , from expression 8.9(a),
o]
K
"% is the number of pulses within an interval
L] [
giving an accumulated pulse delay of é_t;'
Thus
—-— V + KV . L ] L L] L ] L] L) [ ] 8.15

K(At.n)(n + 1)

Now "O t.n" is the length of the distortion interval which
contains'n'display locations,

Thus the required output voltage ramp slope of the Integra=
tor to be used for a"Zus"distortion interval is

(V_ + KV)
L e o —— o

13.K

Volts/)ls .+ o« J8.15(a)

%] =
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where wWy" is the voltage into the VCA resulting in a
pulse train of period "A t"us,
M1 3" because whthin 2us there are 12 pulses,
Won  hecause the time interval is 2us duration.-
Similarly for the"4us“distortion interval,the slope required
is, (V_+ KV)
o p——

L, =- e -& Volts/ué . o o +8.15(b)

For the 16éus distortion interval,the slope required is,
(V + KV)

Lg =- o 1% Volts/us e e e o o 8,15 ()

The ratios of the ramp slopes of the Integrators correspond-
ing to the 2,4,6,..16us distortion range I ntegrator
respectively are )

. 8,16

;:,Jﬂ

A
»
A

oo

PR
tee e e hyo

. [N 1 . 1 . |
n(or1)  ° 2(mdan+) ‘3(aGn+l) e ot 8.16(a)

where n = 12, the number of pulses in a 2us time incre-
ment. Lhis is as expected from the expression 3.14,

The ramp outputs of these Integrators,Pl “8 15"
is summed in an analog S ummer along with the voltage Vi y
which is the nominal voltage required to generate the
pulse train of period "™ At" at the VCA. The summed result
is the actual input control voltage to the VCA (see Fig.117).
Because the summer SUM "1% is present, the slope variation,
rather than hbe performed within the Ihtegrators can be
achieved by varying the input summing resistors in the
above ratios given by 8.16(a), with each Integrator now
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being identical in all respects,

Because of the negative sign of the slope the inputs

of these"correction ramp voltages'are fed into the
inverting . input of the OP-amp. Summer while the "V,"
input is fed into the non-inverting input.

EBach dﬁftortion region contribhtes a cunulative
" tll

' At Ilﬁll
pulse delay of 5 us and these 5. uS delays from these
regions are themselves cumulative as successive distortion

regions are entered. |

In the above, all successive pulses within a new distortion
range will be delayed oy the cumulative delay just prior
to this new distortion range, The Pulse Integrator ramp
vpltages corresponding to all prior distortion ranges must
thus be disabled, otherwise they will continue to generate
unwanted increased pulse delays, The disabling of the
Integrator (see Fig,117) is achleved by discharging

each integrator via the Discharge Circuits®D 1 -8" and
"D11.8'" by a pulse corresponding to the lagging edge of
the "1" output of the VC lionostable specifying the inte-
gration period (and hence the distortion range), within a
period of less than.%§150'081us. (The conditions for speed

of discharge are given in section11,5.4).

8.%,3.5 Distortion Correction within "central® distortion
region,
8.4.3.5.1 Charge in sign in Distortion
Due to distortion symmetry about the centre axis
of the active display area, pulses corresponding to display
locations are progressively delayed more when scanhing is
in the L-H side'of the active display area and going
towards the centre, and progressively delayed less when
scanning in the R-H side of the active display area,
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The actual transition point occurs at the "Maximum
Bistortion Line"(shown broken in Fi+.114(a)) and is thus
indicated by the 4th Distortion Line pulse "P," from the," 8
Counter Co" in the "Distortion Line Gating Logic" of Fig.116,
As the accumula.ed delay progressively decreases past that
line, it implies the slope of the Correction Ramp Voltage
chanées in sign. Consequently from expression 8.7(a),

K.§V

‘ 2
(VO+KV)

5t == s e s s s e @ e 8.7(b)

T,

A second set of 8 Integrators PI "8'-15'" is provided,
identical in all respects to the first set, and gated with
the distortion line pulse numbers "Pi",for "i" greater
than"™"(i.e. those occuring after the Maximum ﬁistortion
Line). The output of these Integrators now is fed into
the non-inverting input of the Analog Summer“SUM,"as thence

1
: T bt e » o o o °
Vo, + K(V + 57) = o 8.6(a)

i.e. a nominal control voltage "q Wand correctiosn voltage
"§V" summed give rise to a decreased time delay.

In Fig.117, the S-R Flip/Flop "15", is set by the pulse
corresponding to the maximum distortion line "P," (and hence
sigh inversion)s this pulse is derived from the VCMs

"1-7" (see Fig.118(a)). The PI "8.15'"are thence capable

of being enabled on, while PI "8-15" yill become inhibited,

Z

B8.4,3.5.2, Charre of Distortion Slope in Central
Distortion Region
The above scheme is satisfactory for defining
and implementing the correction within a distortion inter-
val defined by two consecutive distortion lines resulting

n n
in & cumulative delay of —S* us, For distortion regions

such as the "central" distortion region defined by the
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two "-0+5%" distortion lines in Fig.114(a), containing the
M aximum Distortion Line within it, the required cumulative
delay, for section AA' say, is only about"-0+13% ‘4t the
l1ocation Specified by the Maximum Distortion Line (the
other"-0-5%“being provided by the two previous distortion
regions). i.oreover this added cumulative delay at the
Maximum DistortionL. ine varies from some‘LO=25%.%o some
"-0-10%'}r3m near the -0-75% distortion contour to the
cantre of the active display area.

The maximum distortion, and thus the added
cunulative correction delay, introduced within the inter-
val defined by the“-0-5%'bistortion Line and tthe Maximum
Distortion Line, varies and is a function of the vertical

coordinate,

The simplest way to accomplish this variable
peak accunulated delay is to treat all Distortion Lines
including the Maximum Distortion Line as though each
irterval defined between two consecutive lines defines a
"Oo25%"distortion interval,
Call the correction voltage ramp for the H-line at vertical
coordinate y,, "Ly(o-25)".

Call the slope of the ramp voltage which for the
same time interval gives the required added accumulated
time delay of say -0-13%, for section AA', "Ly(0-13)".

Hence a R Correction Ramp" voltage must be sub-
tracted from “Ly(0-25)", to give the net slope "Ly(O-13)".

This y-dependent "Correction Slope" information
may be provided by an extra "Wertical Distortion L.ine"
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which may be drawn in an interval of up to"1us'wide.

As the H- distortion Graphic Storage for the GRT: is located
within a H- time interval of™6.5us"(whereas"7.5us’ were

used for the H- distortion Storage for the Vidicon), this
extra'tus' time interval is available. The position of

the interval and line is shown in Fig.115.

The time interval "defined By the horizontal location
of the line within this"tus'time interval, and the instant
of start of this time interval, is gated With"qz} = 0-081us "
clock-pulses; thus a pulse count up,to“B"can be registered
and stored in a 3-bit Register -R "8", This stored
number provides the reguired "Correction glope" rnformation,
It specifies and enables on one of the Pulse I.ntegrators
of a slope, whose output ramp voltage 1is input simultaneous-
ly to the Control Voltage Analog Summgr SUM "1",with the
raMp voltage giving a cunulative delay correSpondlng to
~0:25%, The nett ramp voltage output of these two input
ramps to5 the Summer is the required Ramp Slope giving the
required accumulated delay at the Maximum Distortion[ ine.
The "Qorrection Slope" Ramp is fed into the Summer "1"
terminal of opposite polarity to the "o. 25% delay Voltage
Ramp.

Since the Maximum Dstortion Line is taken as
being located midway between the two"-0-5%(bistortion
Lines, the two distortion intervals on either side of the
M.aximum Distortion Lines are equal in time widtia (this is
in fact only an assumption but a reasonable one to make).
45 the cumulative distortion at both"-0.5% Distortion
Lines are equal, the iuncrease and decrease of cumulative
distortion within the two central time intervals are equal.
Hence the same nunber in the 3-bit ﬁegister ‘R "8
specifying the "C.orrection Slope" cah be used far both

regions, The S-R Flip[Flom"13,14" in Fig.117, set by the
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distortion bBoundary prior to the Muximum Distortion.Line,

) naxl "and reset by the distortion boundary after the
Maximum Distortion Boundary Py x+1"thus defines the time.
during which slope correctlon is defined., Only the sighs
of the slopes change in both regionsjas there are two
sets of Pulse Iitegrators feading the inverting and non-
inverting inputs to the control voltage summer, the sign
1nverq1un is accomplished by gating the Reglstar Control
anbers to the correspondlng pairs of Pulse Integrators
The con trol ulse indiceting that slope inversionand nence
interchanging the Pulse Integrators from PIs "8_15% to BFs
“8!JP5' Yis set by the VCM lagging edze corrasponding to
the "woximum dictortion line P M,

The S-R& Flip/Flops "13,14" in conjunction with their AND
gates, perform this sign inversion,

These two Flip/Flops are the e:selves’ Set" and'Reset" by
pulses corrasponding to the distortion boundaries on either
side of the Maximum Distortion Line.

The resulting interval during which a pgrticular
PI is enatled on to generate a slope correction is gated in
via the OR-gat-:s Just prior to CSL "1 7" This is shown
in Fig.,117.

If the region between the'LO-5%&§istortion.Line,
and the Maximum Distortion Line contains "n" display loca-
tions (n = 12, 24,,,......), then the required Slope of
the Voltage Ramp of the specified Integratar is (according
to expression 8,15)

(V_ + KV)
L (0'2 ) = ') ].ts US o o & 08-1 ( )
y ? K(n+1)n ° / s
=-ﬁs+mn

Voltsi/us « » 8.15(b)
K.n2
as "n"">12
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for th~ cumulative delay of -0.25%,
I7 the Maximum Distortion Line corresponds to an added

cunulative delay of some

D - O

lyl< ozs%l

(for the line 44' in Fig.113(b), Dy ~ =0:13%) , then from
expression 8,12(a) the required slope "Ly(Dy)" is derived,

Thus

iv,.At.n (n+1). v ¢ o . . . . 8.7
V_ + KV

or D (t) | ) ’
Ly(Dy) = 7%?‘“ . E%E:TT% Volts /ﬁs .. 8.17(2)

T =
)y(t) C.L

"
where"Dy(t) is the time delay corresponding to distortion-
“Dy“ . Hence the "Garrection. Slope"

L, (C))

y (Cy Ly(0'25) - Ly(Dy)

b -262) T e
K n+1 ).._rsl _

Since n >12,
Ly(Cy)

(1' - E_z(t)(vo""K.V) V’/u‘s ... 8.18(a)
At

K.n2
6

e o oo s s« o 8,18(b)

where
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Thus if an interval corresponding to "n ;% is specified
by the second "Vertical Distortion Line" and specifies
a number fed into the register R "8", to control a
Pulse Integrator corresponding to the distortion range
duration given by “qi "the above required cumulative
delay"Dy(t) “is obtained.

Fig.118(a) shows the Gating and Selection L ogic
to accomplish this,

8,14,3,6 "Unsymmetrical "™ Distortion Correction.

The above implementation for H-coordinate
Distortion cdrrection is suitable for "symmetrical
distortion "“regions i.e, where the“Brd"distortion line
pulse "PBH corresponds to'LO-S%"distartion, the' hth*
distortion line pulse "Ph" corresponds to the maximum
distortion line, the'sth'distortion line pul se "P5"
correspolds to 1-0»5% histortion and so on. Within the
"symmetrical distortion area"of the active display area,
"P ", corresponding to the maximum distortion line,.
indicates a reversal of sign for the correction voltage
ramp Sslopes, as 1/ -'regions occuring after the Maximum

Distortion Line in the active display area :, distortion
decreases and hence so do the cumulative correction
time delays for the video input pulses,“VCRI(nZSt)in.“

In "unsymmetrical™ distortion regions, specified
by tiz presence of "control lines" within the"tus"wide
Control Live Time Interval (from t = 53+5us to t = 54-5us.
see Fig.115), "R," defines the '-0-75% RistortionContour

(and which during the active display area scanning inter-
val is defined by the trigger pulse into VCH mimderived
from tne lagging edge of the ™1" output from VCH"3")



Facing p., 39

[E o

LEI=LAGGING EDGE INDICATOR
"(b) Clreult generating the resyachrenizing pulse

L (Reset) fer the V.C.A.

&

. |
" NUMBER OF CONTROL LINES
. |
OR 15 = TRIGGER PULSE
- = 'INTO i—thTVCM
P l_’\rn* P'mﬂ'
{a) Clroult generating timing signals which deter-
mine the instant of maximum distertien durlns the
scanning time interval and signals fer the ‘slepe
ssrreeten’ oireults in Figure 117.
; 53, SUS 56 3 us .
Vi . CONTROL!OETAGE
YI0EO THPUT .
IN

4

Fligure 11€. Circults

| ps MONOSTABLE

Generatilng added

Centrel Sign_a.ls

H-secrdinste

Qg_ rreo tien,

SLEIB f'sr CRT



390

while "P " (1€ only oue “control line™ is present-

for section 85! in Fig.103(bD specifies the M;ximum
Distortion Line ( i.e., the trigger pulse into VCy "L
definas the maximun distortion). If two control lines
are present, "P5" specifies the“-1°OO%“Distortion Line.
Conseyuently for the presence of 1 “control line", sign-
reversal of"correction slopes"is specified by the 5th
trigger pulse into the VCM "5", while the trigger pulse
into VCM "4" enables on theR:egister R "8" specifying

the "Correction Slope" Voltage Ramp for the particular
maximum distortion value., The trigger pulse into VCM"6"
specifies the end of the "correction slope enabling
interval®

Similarly for the presence of 2 "control lines" sign
reversal is specified by the trigger pulse into VCM "6",
while trigger pulse into VCM "5" enables the "correction

slope™ circuits,

Otherwise, the distortion correction intervals
and the wmethod of correction are umhanged; two consec-
utive Distortion Lines still specify an added (or

] [
decreased) cunulative f%gus delay interval.

Figure 113(a) shows the relatively simpleGgrating
and Decoding Logic Circuit under control of the VCHM
trigger pulse. It merely determines which Distortion
Line"ijenables the " Correction .Sope" . Register R "Q"
and which enables voltage ramp sigh-reversal, It is self

axplanatory.,

Clearly the gating and control logic for the
control information defining tine necessary H-coordinate
correction for the CRT is simpler than the corresponding

gating and control logic in the Vidicon.
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8.4 03,7 Variable Delay Shift Recisters

Thus far the theory and implementation of gener-

ating the appropriate correction voltages has been descri-
ned,

These Correction RampV oltages are switched in
% Seguence corresponding to tha "-%;“ correction intervals
defined oy consecutive Distortion Liues, into an analog
Swimer SU, together with the Voltage"v,1'! The output
of the Summer is a slightly varying voltage which is the
control voltage to the Voltage Contrelled Astable
Multivibrator, labelled VCA on Fig,119; its output fre-
quency, and thus the pulse repetition rate, is a function
of this voltage. The repetion rate is nominally set '
2t "Atus, the video input "V, ln At), " repetition rate,
The lecading edge of the pulses in "VCRT(nISt)in" is
detected, resulting in an impulse train of variable spac=-
ing, nominally of ™ Atus" spacing. This impulse train is
used as the shift or trigger pulse input into a set of
Shift Registers S"1-5" in parallel, only one of which is
enabled on at any one instant,

The input to these #hift Re;isters is "VCRT(nAt%jln
from the Vidicon output or the CPU I/O interface,  The
input pulce repetition rate is " At"us while the shift
trigger pulses have a repetition rate of”fAt + 3t;,with
5ti"being the correction delay for each pulse, contri-
buting to the additive delay. With a one-bit Shift
Register, the output of the &ift Register will be delayed
by "5ti", with the time position of successive pﬁtﬁ&t pulses
being cumulatively delayed., In some regions of the active
display area, trigger pulses may have been shifted by
"At"or up to'2AtY corresponding to -0¢5% and -1- 0%
distortions, implying that trigger pulses may be coincidett
with the video input pulses with the possibility of errors
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resulting, in that pulses instead of being delayed by
"At + 5t w1ll instead be delayed anly by" §t. Conse-
quently such locations may be lost.

Thz parallel set of Shift Registers . SLE DL
is very much in that respect, like those required for
the H-coordinate Correction for the Vidicon, Indeed
the individual stages, one of which 1is shown in Fig.119,
are identical, including the provision for the non-
occurence oI‘race problemsf‘ The Shift Register stage
snown in vlg 119, performs the delay within the region
from"-0» % 't o maximum dlstortlon (about -0 «7%) - it thus
jL——us

is required to delay from At up to

The waveforms and-rasult of corrective delay
within this stage is shown in Fig.,120. The effect of
the shift registers 1is as follows:

. (1) Within the distortion region defined by Distortion
L ine pulses "P1" and “PZ“ (and hence defined by

7c M1y within which a cumulative shift pulse delay
£ from O to “435.15 expected (corresponding to
20-25% correction), the shift pulses occur with

ot i ) n
a Spacing of "At to At+5tl max .

= At ‘
where > :5ti e e .8.8(a)
i
Consequently if -the initial video input and the
jrnitial trigger pulses are coincident, successive
pulses within that dlstorflon region are progre&s-

ively delayed by E 5t

where 0 & X8ty < %—‘-’- 1=1....n
1
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(ii) Jithin tha region defined by Distortion Line
rul ses "Pz""nd"PB" (and within which a )
cunulative shift pulse delay of from" E} to

"At"is expected (corresponding to'"- 0+25% to

0 - 57‘correctlon» the video input is gated

lnto a 2-bit Shift Register nohor . The first

stage has its shift triggar pulse traln of

AL period, but delayed by ™ At“ vith respect

to the. v1deo input pulse traln, also of WA "

period., The shift trigger pulses into the
gécond stage of the Shift Register are the
impulse train from the VCA which are progress-
ively delayed with respeet to the video input

i
pulses by J%i + 5ti" us.

The successive output pulses within that
distortion region are thus progressively delayed
hy - .

A
.A?t < __5_ + ti:ati < At
(iii) For the region defineqd by Distortion Line pulses

"P3 nd' Pu (defined by VCHM 3)w1tnln which a
cunulative shift pulse delay of from'At"to 'Sbt"
is expected, the video input is gated ito g
3-bit Sthift Rgister, sn3v,

The shift trigger pulse input into the first
stage is, as before, a pulse train of " At"
period but delayed by 4—' with respect to the
video input pulse traln The shift trigger is

a pulse train of "At'period in synchronism with
the video input pulse train., The shift trigger
pulses into the third stage of theSkﬁftf%egister
are the impulse train from the VCA which progress-
ively delayed with respect to the video input
bulses by “At"to"F A ' us,



Fig,119 shows the action of a 3~stage Shift
Fegister delaying input-video by 1 pulse shift
or more.“VCRT(nllt)in" is gated to the appro-
priate S hift Register by gating it via AND-gates
with the "™1" putput from the V.C lionostables .
specifying the corresponding distortion regions,

The outputs from all of the Shift Registers
is OR-ed together-and fed into the video input
of the CRT, to intensity modulate the electron
beam of the CRT,
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8,4,3.8 Svnchronizing VCA pulses with B-System Timing.

The final requirement of the CRT H-correction
circuits is to ensure that the shift pulses into the
delay $hift Registers S"1-5", are in synchronism with the
input video pulses requiring corrective delays, at
locations (or time instants) where the distortion is stated
to be 0%.

The VC Astable being a relaxation oscillator
is inherently “free running", that is, its output pulses
ara not synchronized to any external timing unless this is
explicithy introduced as a "synechronizing"® or “reset"
pulse., Moreover there is no correlation between the
resultant VCA frequency at the end of one H-scanning line
and the beginning of the next H-scahning line, as the
distortions in those two regions are uncorrelated.
Consequently the VCA has to be synchronized or reset at
the beginning of each HeScanning line., <This is performed
by the pulse defining the beginnhing of the active display
area i.e. at "TAS = 20-8us" from the beginning of the
pulse defining a H-blanking interval, in conjunction with
the DistortionL ine pulses giving distortion contour
closure; these are the pulses within the "1us time interval



395

immediately prior to the Distortion Graphics Storage~

Area corresponding to the active display area in Fig.114(a),
(on Fig.115 this-is the interval defined from T.p = 55-5us
to Tpg = 56-5us). '

The approximation is made that the Right Hand
(and Left Hand) edge of the active display area themselves
define Distortion L ines. '
For example“for se%tion AA' in Fig.114(a), the.L.H. edge
defines the -0.,25% Diistortion Line while the R,H. edge
defines the"0%'Distortion Line. For the section BB' the
L.H. edge defines the'0% Distortion Line while the R.H
edge defines the'-0.75% bistortion Line,

In fact as can be seen from Fig.i1C4(a), from
whieh the distortion graphics storage information in
Fig.114(a) was derived, the actual distortion contours
corresponding to the above values are not coincident with
the R,H. and L.H. edges.

The errors thus introduced by this approximationg
however, fall well within the allowable remanent distortion

(i) 1If within the"1us"interval containing distortion
contour closure line pulses, (from Teg = 55°5 to
Teg = 56,5), otily one pulse "P", is present, it
specifies that the L,H, display edge corresponds
to"0% "distortion, with the result that video
input pulses and VCA originating shift trigger
pulses need be coincident, Hence the VCA need
be synchronized by a trigger pulse from the
H- clock (of period "Atls), one"At"period prior
to the'20+8us “time.indicator pulse ("TAS")
specifying the L.H, edze of the display areas
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call this the "Tgy, " pulse. Since at that
instant, the input to the VCA is “Vq" volta,
with a resultaut pulse frequency of period

A t"us,the VCA output pulse leading ed:e will
be coincident with the subsequent first-pulse
of the video input pulse train at"th%‘L.H. edge
of the active display area. Thus 0% distortion
nccurs there as specified by the distortion
information,

(ii) If two distortion line pulses occur within the
"1us"time interval, the L.H, edge must be
coincident with the -0-25% distortion contour.
Thus the correction Shift Register shift
trigger pulses need be delayed with respect to
the first video input pulse at the active display
area edge‘ by ﬁl%znus,via a Monostable. The "1"
pulse of 2J%§"us duration has its iagging edge
detected and this resultant pulse is the synchro-
nizing trigger pulse to the VCA. The first
cshift trigeer pulse to the Correction Shift
Rezister occurs A" after the first video
R 2
input pulse corresponding to the active display
area, implementing the required"0-25%‘histortion
correction as specified by the distortion infor-
mation, ; |
(iii) for 3 distortion line pulses detected within the
i1ys"time interval, the L.H display edge .is to
correspond to the"-0v5%"Distortion(:ontour. The
recultant VCA derived shift pulse is to be
delayed by " At" us with respect to the first
video input display pulse. Thus again the "Tgy "
pulse can be used for synchronizing the VCA.
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(iv) In general, if an even number of pulses 1s
detected within the"1us'time interval, defining
" _0.5%,"%1.0%,""1.5% "etc distortion intervals
corresponding to 'At, 24t, 34t tine delays,
the MIgyyc" pulse is delayed by the —23 us -
Monostable before being used to reset the VCA,

As only an odd or even number of pulses

need be separated out, a " &+ 2" counter'C L,
fed by the pulses occuring.within the "55.5-
565 us ﬂ1us"time interval, fig,118(b ) shows
the circuit required to perform the VCA re-

setting; it is self explanatory.

8,4,2,9 Summary of CRT H-Correction System
To recapitulate, the H-coordinate CRT correction
circuits consists of the following:

(i) a linzar Horizontal Szanning Waveform Generator,

(ii) control and Logic ¢ircuitry which select out
the required control signals (Fig ,115) to
generate the degree of correctiom required ahd
to specify the scanning time intervals where
these corrections are to be implemented. Four
distinct regions in the graphics information
storage are identified for CRI H-coordinate
correction :

(a) the'1us' time interval (from t=53e5us to
t=54«5us) containing the Vertical Slope
Correction Line pulseugiyf (section 8.4,.3.5)
which when gated with > period clock
pulses, generate a number specifying the
correction slope for the distortion
regions on either side of the Maximum
Distortion line. '



(1)

(c)

(d)
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£in'1 us"time intorval (rrom t=54+«5us to

t = 55.5us) coutaining the ¢ ontrol Line

Pulses (if any) which specify the presence of
asymnetrical display area distortion around the
central axis of the display area. The pulses
detacted within this interval, "Foi", control
and change the Distortion[. ine pulse count at
which Correction Voltage Ramp S opes reverse
signs,

the"1us'time interval (from t=55-5us tot =55+5us)
containing the Distortion Contour C losure Line
pulse "PCLi"' These pulses feed the circuit
shown in Fig,118(b) which determine 'the
synchronising or reset pulse instant to the
V.C,A,

the'6.5u§‘time interval (from t=56-.5us to

t=63us) corresponding to the active display

arza (and hence scaled down by g factor of

i%f% = 4.99), which define the Distortion Lines
pulses “PDi“' These pulses along with pulses
"Popi"s are fed into a " <+ 3" counteryC‘zgwhich
specify the distortion region intervals quantized
into 2us time interval (see circuit in Fig.116
and description in section 8,4.3.4(iii)). The
intervals thus defined are then} '

(1) fed via Constant Level Output Circuits
into Pulse Integrators P,I M1~7", which,
via V.C Monostables VC M4-7"define the
length corresponding distortion regions
and instant of occurance,
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]
(2) pgpated with the l;t us period.nulse

train via a "Divide by 5" Counter "c 3"
and fed to Registars R"{-7" to pecify
digitelly variable Correction Voltage
Ramp Slopes corresponding to these
distortion intervals,

(1ii) . A set of Constant Level Output Circuits, Pulse
Integrators P.I"1-7:Buffers etc, which are fed
into Voltage Gontrolled Monostables ver 'ty -7 Y
These Constant Level Cubput Circuits etc are
eontrolled by the intervals defined by the
"+S Counter C'24 These perform the functions
mentioned in (ii) and above, (This is shown in

Fig.116).

(iv) A set of 3-bit Raegisters Rﬁ -7 each corres-
nonding to a distortion region defined by two
consecutive Distortion Line pulses "Po;,",
“PDl"' Zach Register contains a number from

“1"to'8) obtained by gating in, in ripple-counter
mode, ev:ry 5tn "‘St"uu clock pulce, for a time
interval defined by two consecutive Dlstortlon
L ine pulses, The output from each Register,
balten as the parallel output from each 1-bit
stare of the Register, and decoded, enables:
"s5n" one of 8 (actually 16) Pulse Integrators
P.I1"845"and P.I"8%15"

>
P . _ .
one o the 8 possible decoded numbers, The

gach corrc&ponding o

Register outputs enables "on", for the appro-
nriate neriosd and time instant (by the V.C
iionostable), in sequence, their corresponding
Pulse Integrators,
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(vi)
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A sat of 8 Mratched" pairs of Pulse Integrators
P.I"8-15" and P,I."8'-15'" oneset feeding the
inverting inout to an Op-amp. Suwmmer SUH™ ‘the
other set feeding the non-inverting input (This
is shown in fig.117).

Bach of these Pulse Integrators has its
integrating function"controt" resistors and
capacitors chosen so that the resultant output
ramp slopss, for a constant level input pulse,
are in the. ratins and of magnitudes given in
section 8,4,3.4(v).

The various Pulse Integrators are enabled
"on" successively, & particular Integrator at
any instant being "on", depending on whatever

register 1"4-9" 1s in control,
Cne set of the matched pairs P,I."'8-15"is fed

into tha i:verting imput of the OP-amp summer

SUM1, while the second set of integrators
P.I.8twi5t » is enaklad "on" by the Maximum
bistortion Line pulse "P w , the ovsrall

rasult peing that the sign of theC.orrection
Voltace Ramps as fed into the Summer is iavar-
ted, indicating the subsequent resultant time
delays are reduced in magnitude, corresponding
to distortion being decreased,

Tach Integrator is discharged immediabely
after its enabling on period has ended by D%q1.8"

An analog Summer SUE1, whers the € orr=zction
Voltare Ramps from the different Pulse Inte-
prators are summed, together with "V.", the
voltage, whicti fed into the VCA alone generates
a train of pulses of 'A% ==O:161ué“period, is

also required,.
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(vii) A Voltage Controlled Astable Multivibrator, VCA,
is required. Its control voltage is the output
from the previous Summing Amplifier. It is
reset or resynchronized each new horigzontal
scanning line, by the "R" pulses (section 8.4.3.8)
to bring the first video input display pulse
at the L.H, edge of the active display area,
into "synchronism" with the distortion required
at ths L.H, edge of the display.

A V,C,A with the above requirements is described
in section 11.5.0.

(viii) 4 set of"ariable Length'Shift Registers gwq.gw
joined in psrallel, any one of which is enabled
"on" by its corresponding V.C Monostable defining
its corresponding distortion re%}ons,are
required. (This is shown in Fig.119). The input
to the Shift Registers is the Video input
'WQmﬂﬂrlAt)in“ from the Vidicon corrected output
or the CPU I/0 display input, corresponding to
the CRT display locations prior to correction,
The shift trigger pulses in the multistage ‘Shift
Registers are either " At"us H-clock pulse
trains or " A t"us period delayed by "—%-t"us
relative to the H-clock pulse, pulse trains,

The shift trigeer pulses into the final stage
of eaci SHift Register is the pulse corresponding
to the lz2ading edge of the VCA output pulses,
(The resulting correction by variable delays is
shown in Fig,.,120).,

The Shift Registar outputs are all OR-ed
together and fed into the CRT Video input as the
corrected CRI display input.
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8,5, JOIKT RELYUIREIENTS FOR CRT Ai'D VIDICON DISTORTIOM
CORRXCT ION

Before concluding this chapter on correction

of gzaocmetrical display distortions three points must be

mantioned:

2.5.1 Actual Form of H-coordingte Input for Correction

The outnut from the Vidicon for corrcsction

LTI ’ -
Vynt®) our
“VCRT(A‘t)in"were taken as pulse trains with a pulse

" and the input to the-CRT for correcction

securing corrGSponding‘to avery possible display location
i.e., as though the displayed graphic data consists of the
200 x 200 point grid, This was to simplify the explanation
of the circuits, In fact, of course,actual display
information consists only of a selection of pulses within
the pulse trazins and thus a selection of the 200 x 200
displey points. Thus in actual displays, signal pulses
within the video pulse trains circulating in the CRT-
Tidicon alectric . loop, may or may not be vresent at

the expeched pulse positions corresponding to the 200 x 200
nnint vrid display; and consequeitly correction may . or

may not Le performed at every time instant corresponding
to expected pulse positions,” But since the timing and
selection sequence of avcpropriate correction circuits is
derived from external timing signals and'read-only graphics
information signals, and is not activated by the display
informution video nulses, the above explanation for
clrcuit operation are equally valid for all possible
disnlav location combinations up to the maximum display

of 200 x 200 point grids,

8a5.2, CRI- Vidicon Aligoment
The UKy and Vidicon reguire to be aligned,with
the centrzs or Maxis" of their respective active display
areas to be coaxial, and at a distance such that the
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active display arca of the CRI is imaged and positioned
on a nominally 1:1 geometrical basis onto the active
display area of the Vidicon,

A rigid mounting, with1Bptica1-bench"alignment
precision, is required for this, along the lines of the
"optical barrel" mounting used for the Schmidt optics
shown in Ffig.63. Alignment procedures and adjustments
alons the methods described in (270) need also ke

avallsble,

It must be remembered that the Vidicon total
n n
scanned area is x-% in size, with the actiye display
area being about 0-25" x 0-3",

For Cil' image positioning better than a half
a location away from the nominal centre of the active
display area, the Vidicon photocofiductor plane need be
located to an accuracy of better than

<+ 11; 3 %5‘5 inches

<+ 0-0003"

in tiie vertical coordinate and better than
< + %. %O-g_ inches
< + 0-o004"

in the horizontal direction,

ilicromater gauges are required and precision
aligning tests and methods are required, The resultant
dis:lay stability of a full 200 x 200 point grid, when



Lok

inserted into the CRI and iwaged onto the Vidicon and
inserted into the CRI-Vidicon loop, can be used in
setting up and aligning the two devices for coaxial ity
and a CRT-Vidicou magnification of 1:1,.

8.5.3 Finite vs Zero Distortion at centres of Active
Display Aress,
For the H-coordinate correction in both the
CRT and Yidicon, the correction was unidirectionalj this
was because H-scanning is unidirectional and for pulses

which nezd be synchronized or relocated with respect to
the H-scanning waveform,selectively"time delaying "them

is the simplest way, rather than"time advancing"them.

As a couseguence of this unidirectional time delaying,
significant distortion apparently Became “apparent at
the cens_: of the CRT and Vidicon active display area,
when the distortion contours have their "origin® shifted
as explained in Fig.104(a)(in other CRTs or Vidicons

this may not necessarily be the case). Consequently the
central region of the display area are time delayed and
become displaced to the night of the display area., <Let
in practice it is assumed and required that zero distortion,
zery correction and hence zero display shift,occurs at
the centres of the display area. Properly speaking,
effactive display corrections to locations on either side
of the centre must be shifted to the right and to the
left of the centre.

To effectively achieve tuis and to obtezin effec-
tive zero distortion at the centre, the H-scanning ramp
current Ifor both the CRT and the Vidicon is delayed with
respect to the nominal starting instant,by a time interval
equal to the time corraction delay éerformed on the

location at the nominal centre of the active display area.
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This will effectively locate the "delayed" centre ioca-
tion back at the required geometrical centre of each
active display area, and satisfy the requirement of
zero distortion at the centres.

This delay is introduced to all of tﬁe H-scall-
ning waveforms within a complete frame. As both H-
" scanning current waveforms are initiated and synchronized
by H-clock pulses, the implementation of such delays
poses no problem-delay iz implemented by means of a

¥Monostable,

A similar delay introduced to the vertical
scanning current staircase equivalent to the éertical
distortion at the centre of the display need also be made
in both the CRT and the Vidicon.

3,6 GENZRAL COMIENLS ON V- and H-COORDINATE CORRECTION
(1) Lhe above description of the V- and H-

Coordinubte ¢orrection Circuits for the CRT and the

" 7idicon, even though perhaps tedious in parts,-serves
ts indicate that distortion correction, which is analy-
tically non-describable, can be achieved by relatively
simple digital, analog and hybrid circuitry. The
eimplicity of the resulting correction hardware is due

(a) the unigue way of storing the distortion

to

correction information in graphical form on
relatively unusable areas of the display
scanned area (since in those areas, the
expected distortion is such, that to correct it,
much more complex circuits than the above would
be required-hence these areas are unused).

(b) storing certain siuple control signals in graph-
ical forms ("Control Lines", "Distortion
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]
Contour @losure Liuss ete).

T'his method of information storage can be
seen to be a form of fixed'and'read-only"storage, with
the difference between the usual’ read-only memories
being that data is read out at video rates and that
ijuformation readout is in analog form.

(2) To compare this form of GraphicsDistortion
Correction Information, with the current methods of
achieving the same ends, the following serves as the
comparison example (78).

In that case example,display linearity of the order of
0+013% was required, with distortion prior to correction,
being about 0¢1%, The available display area was
Akvided . into a 64 x 64 matrix with the H- and V- correction
required beiug associated with each matrix point, the

same correction to be implemented between adjacent matrix
locations, Thus 64 x 64 = 4,10° words of core store,

for the l-coordinate,and 4.10° words for the V-coordinate
were required; in addition the decoding and correction
circuitry still had to be pro?ided. The improvement of
linearity was ty one order (0«1%-*0-013%), the same order
as for VIDIOGRAPHIC (from about 1% —=0-1% remanent distor-
tion) deseribed above.

(2) Lover remanent distortion could be achieved by
starting out with initially higher precisibn, low distor-
tion CRTs and Vidicon, say up to O-5% distortion prior
to correction,

Alternatively, "finer" distortion correction
increments may be used, say 0-125% distortion increments,
with a higher density of Distortion [ ines, Control Lines
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etc. 'he correction circuitry will still be essehtially
the same, but more stages would be required, to go hand
in hand with the increased number of distortion ranges
and the greater nunber of lines to be decoded.

(4) The circuits described above make no pretence

of being optimized (at least for logic circuitry opti-
mization - for example the simplestR-S Flip/FlOpS were
used continuously, only to emphasize the circuit princi-<
ples,and not because R-S5 Flip/Flops may be the best Flip/
Flops to use), nor even are they claimed to be the best
or even unique solutions, They serve to indicate that
in principle, relatively simple and straightforward
circuits can be designed to implement a fairly demanding
requirement of repositioning trains of pulses ih an
arbitrary manner, to a high degree of accuracy.

The components or subcircuits used are all
available. The logic circuits require to be faster than
st least 12Mhz. With TTL (Transistor-Transistor-Logic)
with operating speeds of at least 25Mhz, becoming price-
competitive with RTL (Resistor ~Transistor-Logic), the
implementation of logic poses no problems.

The analog and hybrid circuits such as the
Pulse Integrators, Voltage Controlled lionostables and
Astables and the scanning ramp and staircase currents are
all descrited in Chapter 11, with the performance figures
ziven, Their performance is well within the linearities
requlred,

The remaining requirement for fast analog
Summers are easily met due to the recent introduction of

fast and economic I-C OP-Amps.



(5) The explanation of the circuits and even. of
the locic nas been perhaps long and tedious, Logic
equations rather than descriptions would normally have
sufficed. But as these circuits controlled hybrid
circuits, it was felt that a working explanation inter -
woven with .examples would clarify rather than confuse.
Logic equations for logic circuits help to épecify
circuit components and signals required, but do not
axplain why the signals or componenets are required in
tha first case.

If some Gatine and Logic circuits seem rather
complzx it is because the case example of distortion
corractinsn shown, is a"worst—case“one, in that the
distortiosn man is unsymmetrical in the distortipn reglions,
wbout the ceutre of the active display area. Normally
the Crl and Vidicon would have the pincushion or barrel
distortion removed by analytically defined waveforms
(seae crapter9 b ), resulting in much lower distortion
prior to correction than the aboveyand with no ansymmetry
of distortion as in the lower part of the display ar=za.
To cater for any unsymmetry however, the control line
signals "P_;", were introduced, Ilormally it would be
expected they would not be present. The presence of the

pulses, “PC.“ consequeintly increase the complexity of

i .
decoding of the Distortion Information input pulses
particularly for the H-coordinate Correction for the
Vidicon zs evidenced by.the logic l:zading to the*tozgle '

F Fs 6 and 7 in Fig,.109.

3.7. SULIIARY

(1) The Distortion Correction Information is
stored in graphical form on both sides of Gthe
active display arcza, yet still within the normal

408



(2)

3)

(4)

(5)

(

)
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scanned area on the CRTy the left-hand arca
stores the Vidicon corrsction information,
while the right-hand area stores the CRT
correction information.

As eacnh raster line is scanned in succecsion,
this correction information is availakle for
zach horizontal line (ie, for.eachV¥coordinate).

This information is available to the Information
Decoding Circuits as pulsesy certaiu correction
types of control pulses fall within certain time
intervals and are gated to the appropriate

corrzction circuits,

The vertical coordinate is generated by a

S gaircese Cwrrent Waveform of some *20 steps
with a scanning time intarval of some 18ns,

This vertical scanning staircase effectively
cenerates a non-interlaced CRT display, and

an intzrlaced raster for the Vidicon scanned

area,

The V-coordinate correction is analog in nature,
A time interval defined by a H-blanking "start"
or"eand'pulse and the pulse defined by a'Vertical
¢ oordinate Correction Line'generates, via a
Pulse Integrator, a small additive increment

to each current staircase step.-

Tne H-coordinate Correction is based on
correction information which selectively delays
the video pulses, whieh are the time coordinate
reprasentation of the CRT and Vidicon display
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(8)

(9)

0

locations, These selective delays effectively
reposition these video pulses in time and thus
reposition them on the active display areas,

For the Vidicon, the pulse train requiring
pulse repositioning is effectivaly asyhchron-
ous in nature. On repositioning g synchron-
ous pulse train of period"At= 0:161us results,
CorrectionG ircuits are primarily digital in
nature- in this case, Shift Registers,

¢
For the CRT, the task is more complex, The
pulse train requlrlng correction is synchronous
in nature,of period'A t= 0-161us” Repositioning
is toresult in a hon-~analytically describable
asynchronous pulse train. The "irregularity"
of this repositioning means that the Correction
Circuits are primarily analog in nature, in
this case consisting of"Vuriable Slope €orrection"
Voltage Ramp Generators (Pulse Integrators),

The delaying of video pulses in ths H-direction
is unidirectional, with apparently significant
distortions at the centre of the disqléy area;
similarly, the V-corraction, by additive smakl
step height correction increments, is also
unidlrectlonal, again with the apparent result
of 51gn1f1cant vertical distortion at the centre
of the display area. The requirement is that.
display distortion is required to be zero at
the ceantre or eachdisplay area., This is
accouplished By delaying the H-scanning current
waveforms and tiie V-staircase currents by a
time intarval corresponding to the corraction
time delay as given by‘the H-correction or V-
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Qorrection Information, for the nominally
central locations of the CRT and Vidicon
Scan areas,

(10) "The above correction methods and circuit
implementation wake no pretence of belng a
unique or ontimized solution., They are used
to indicate, occassionally perhaps in a paln-
fully obvious manner, that in principle,
H- and V- Distortion gorrection can be accom-
plished with the required accuracy,with relative-
ly simple circuits,

@ & @ @ & 9 & 8 0 8 0 g 00880



CHAPTER 9

DISPLAY DISTORTION :
CAUSES AND CORRECTION OF PRIMARY SOURCES
OF DISTORTION '

9.1, INTRODUCTION
1

9
9.,1.17. General Reguirements.

The formation of the CRT generated display 1s
due to the accelerated electrons within the CRT electron
beam striking the phosphor, which by cathodoluminescence,
result in emitted luminous flux at required display
locations, The cross-sectional area of the electron beam
at the poiant of impact primarily determines the snape,
size and nence luminaice of the resultant display locations;
factors affecting the beam cross-sectional area thus need
be investigated. The "focussability'of electron besams thus
needs be investigated. _

The .Geam is deflected by time -varying magne-
tic or electric fields so that it can access gll parts of
the display area, Ideally the deflection should be such
that the beam will generate a geometrically linear or
undistorted display; unless this is so, or unless tne
remanent distortion is kepot to less than the value given
by expression 7.7 ,no steady or permanent display will

result.

It was assumed in chapter 8, when distortion
correction was implemented to reduce display distortion
to acceptable levels, the distortion prior to this
correctiosn was of the order of 1%, This figure can Be
obtained with small extra effort with commercially
available CRI's (for example the actual 14" PYE TV-Monitor
on which the distortion tests were made); this is achieved

by féeding linear current scanning waveforms etc.
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LThe other major assumption made in chapter 8
was that "pincushion" or “barrel" distortion was also
absent, or at least negligible. This is a more complex
objective to satisfy; external"pincushion or barrel
distortion correction"is required in addition to the
corrections implemented in chapter 8,

The nature of electron beam deflection, and
the resultant display distortion ( and its effects on
focussing) thus need be investigated, so as to identify
the causes of distortion and take corrective action prior
to distortion correction implementation as discussed in
chapter 8.

In Vidicons also, .a magnetically deflected
electron beam discharges the stored charge pattern on the
photoconductor target, due to the CRT luminance, For the
same reasons as auvove, the distortion prior to the correc-
tion as in chapter 8 need be minimized., Again the -
distortion encountered is"pincushion distortion)

The same "first-principles"_expressions can be
used as a basis for deriving distortions expressions for
both the CRT and the Vidicon, due to the similarity in the
deflection mechanism, But the different magnitudes of
the accelerating voltages, the different strength s of the
focussing electromagnetic fields etec. in both of these
devices, result in apparently different expressions for the
beam deflections and hence different pincushion correction
methods.

Since beam deflection deviations and beam cross-
section deformation ("defocussing") can occur at all stages
of the existance of the beam, the whole aspect of electron

beam generation, focussing and deflection and effects
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near the CRT screen,or the photoconductor target,need be
covered, and thus would involve such things as electron
gun structure, the structure of accelerating and control
grids, and the various aspects of focus and deflection
coil design and so on. This however is not our province
nor indeed is it a necessary requirement. Our stated aim
was to use economic, readily available commercial sub-
systems, and not to redesign CRT or Vidicons or any of
their subcomponents. What will be done is to find
expressions for the distortions or defocussing,or rather
expressions for the distortion corrections in terms of
readily available waveforms, such as the linear current
sweep waveforms, These resultant correction waveforms
are summed with the usual nominally linear sweep current
waveforms and fed into the deflection or fpcus coils,
resulting in the electron beams being located within the
1% or so of their ideal posiﬁion prior to final correction
as described in chapter 8.

.1.2. Electron Optics.,

The topic of electron beam focussiug and
deflectisn is called "Blectron Qptics" due to the similar-
ity to "geometrical"™ optics where light beams are refracted
("deflected") and focussed by lenses; in "Electron Qptics"
electron beams are deflected and focussed by electro-
magnetic fields ("electromagnetic lenses") .

The literature on Blectron Optics is large and
appears to be comprehensive, However for our purposes
1ittle can be gleaned which is of direct use,

iost textbooks on TV or Blectronics, or Blecto-
wagnetic Theory contain elementary derivations of beam
deflection and focussing by electromagnetic lenses, but
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the approximations and assumptions used in deriving

these do not give the raquired accuracy in expressing
displays distortions or defocussing. Such expressions
give distortions and defocussing of the order of 5%

which are tolerable for viewing for everyday applications;
for our purpose they are of little use.

On the other hand the technical or “professional"
literature, much of which research was carried out in
Germany, is useless for the exact opposite reason to the
above., With typical thorpughness, the Teubons tackled
this ticklish task! The resultant expressions for
distortions and focussing "aberrations" are notable for
the complexity and number of terms (often 10 or more)
with very complex coefficiants, Their object was to
identify the sources of distortions and defocussing, each
term with each source of distortion or defocussing, rather
than sug:est or implement methods of eliminating these (see

for exarple (294,295,296,297).

Thus expressions of a compromise nature between
the above two approaches need be derived, This is done in
the following sections.

9,2, GENERAL CONSIDZRATIONS

9.2] "Distortion" and "Pincushion" or "Sarrel" Distortion.
The difference between what was termed

"aistortion® in previous chapters and ."pincushion" or

Wharrel"™ distortion must be noted.

(i) "Distortion" as used previously means that
norizontal scan lines are parallel to each
other over the display area, even though the
spacling between. two adjacent scan lines varies
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I'rom pair to pair of lines, This is the

same as saying that no Vértical Pincushion

or Barrel Distortion exists (see Fig.122(a)fb),
A correction applied to any step height in

the Vertical Scanning Current Staircase
effectively repositions all the H-coordinate
display locations within the corresponding scan
line by the same amount.

If the H~scan lines were not parallel then
different vertical correction steps woulc need
to be applied to different sections of each
H-scan line, greatly complicating the Vertical
Distortion Correction.

Since locations within a given line can
be individually corrected, and there need be
no correlation between the same H-coordinate,
for all V-coordinates, Horizontal Pincushion
or Barrel Distortion can be tolerated, unlike
the fact the Vertical Pincushion (or Barrel)
Distortion cannot be tolerated.

(ii) "Pincushizn (or “"Barrel") distortion’ on the
other hand is distortion wherein H-scan lines
are no longer parallel., It is of the form
shown in Fig.122(a).
Pincushion distortion is invariably present
to a greater or lesser degree in all CRIs and
in Vidicons.

9,2,2, General Concepts of Beam Generation,

Focussing and Deflection.
The Beam Generation and Deflection System consists of, in

turno:
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(i) an"glectron Beam Emission System, whereby a
stream of electfons is emitted from a thermo-
cathode, and accelerated to the required
velocity by various anodes at various
potentials, The requirement is to have 2a
narrow beam of nominally the cross-sectional
area required at the CRT screen or the photo-
conductor target, leaving the electron emission
assembly; this exit point is called the emission
gun "“aperture",

(ii) AlBeam Focussing System"whereby the beam, if
divergent; is codvergéd at the screen or target
to the required focussed beam cross-section,
even when beam is deflected.

The required beam diameter '"D"™ at the screen
or target is given by

Height of display area . H
D: - N .'.l.9.1
dumber of active display lines L

With about 580 active lines in a 625-line

system,then
(a) for the 3 x 4" display area on the

projection CRT

Dopr = 3%5" £20-005", . . . . . .9.1(a)

n n
(b) for the x'l display area on the

2
Vidicon
Dyrp ® -g?%o 2 0-00065", . . . .9.1(b)

Either"electrostatic"or"magnetic"focussing may

bhe used.
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(iii) 4 Beam Deflection System whereby the beam is

deflected in a predetermined manner to be
incident on the screen,in the predetermined
raster scang ideally the resultant display
raster should be geometrically linear,
Either"magnetic"or"electrostatic 'deflection may
be used,

(iv) The final rejquirement in the nature of the
target for the electron beam and any added
beam deviations at or near it.

For the CRT, the target is the phosphor,
screen (described in chapter 4)- no added beam
deflection: occur, although the halation,
described in section 6.5,5 , could be described
as defocussing; this however is negligible
as the resultant signal due to this is not
detectable by the current Level Detectors,

For the Vidicon, the target is the photo-
conductory the signal defects (analogous to
"defocussing")and slight localized beam defle-
tions have been described in chapter 5.

9.2.3. Electron Beam BEmission

9.2.3.,1 The Electron Beam Emission Sy stem
In both the CRT and the Vidicon, the electron

beam is generated by a thermo-cathode, indirectly heated.
The emitted beam is shaped by electrodes at certain poten-
tials and certain shapes (forming preliminary "electric
focussing lenses") and a"final aperturej out of which the
beam exits the &mission System; the'aperture"diameter is

approximately equal to the required beam target diameter.

Near rha thermo=cathode are located control
grids to cut off (or "blank off") the beam from reaching
the target.
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(1) For the CRT, this blanking-off is under
direct inout video signal control., For display
locationsto be displayed, the beam is enabled
on by making the control grid approach the
cathode potential, Whenever a display location
is not required, the video signal makes the
control grid much more negative than the cathode,
inhibiting the beam from reaching the screen
("cutting the beam off").

The beam is also cut-off during"horizoatal"
and"vertical retrace time"i.e. during the time
intervals that the scanning system repositions
the electron beam to the L.H. edge of the
display area for each new H-scan line and back
to the top of the display area for each new
display frame.

(ii) For the Vidicon, the complete display area is
scanned continuously. The beam is only cut-off
during the 10us(or thereabouts)H-retrace"and the
oms"V-retrace time' to reposition the beam for
the raster scan,

For CRTs the accelerating potential varies from
10KV to about 25KV, the latter value required for
Projection CRIs”. The impact velocity of beam electrons
is enpugh to cause secondary electron emission .

Eor the Vidicons the accelerating potential is
in the order of 300-400V; the resultant beam electrons
are "too slow" on impact to give rise to secondary electrons.

9,2,3,2 Emis h. Sy st berations

Of particular interestrare the defects in the

beam which give rise to changes in the cross-sectional
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area of the beam and hence defocussing (p94) . These are

- ] N N
(i) "Chromatic aberration®
(ii) "Space-charge Gteam spreading"
(iii) Zlectron Emission ASsemnbly component misalignment.

(i) Chromatic Aberration
Blectrons are emitted from the thermp-cathode

with different initial velocities, ©Since the focussing
depends on electron velocities, focussing action will be
differ nt for electrons with differing initial velocities,
The recutrvanc defocussing, not very significant, is called
"chromatic aberration", ac it is analogous,in geometrical
opticssto the chromatic aberration where light of differ-
ing wavelengths 1s refracted by varying amounts,giving
rise to the defocussing of the above name,
(ii) Space-charge Beam Spreading,

Since the beam consists of eleectrons, chargead

rarticles of the same charge, mutual repulsion between
them exists, giving rise to an increase in beam width

and decraasing Beam current density. It can again Be
haglected when compared with the other precent defocussing

affects,

(iii) Z2Zmission Assembly Comrponent Misalighment.

To obtain an emitted beam of the required small
diameter, with individual electrons having parallel
trajectoriaes to each other, the thermo-cathode is made
small . For the emitted beam from the aperture to be
coincident with the tube longitudinal axis, otherwice
Irmown as the “tube principal axis" or "optical axis",
the exit aperture, ths thermocathode, and various elecw

trodes witihiin the 3mission Assembly need to be symmetric-
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n1ly located zbout the principal axis. Similarly

the Focussing and b eflectionC oils need also be
symmetrically located about the principal axis. Any
wisalignment of these individual components results 1in
trhe beam being,to a greater or lesser degree,misaligned
with the principgal axis, resulting in off-centering the
undeflected beam from the display area centre, (a form

»f Meconstant" distortion) and in various defocussing
effacts which are present during team deflection, as a
misaligned beam can be considered to be a deflected beam,

Since tha ahove factors depend on the structure
nf e Enission System or the physics of theilh lectron
Emiseion from the thermo-cathode, nothing can be done by
us. It is thus assumed that in the availeble CRTs and
Vidicons, the above jefects do not occur,or are negligible,
or are corrsctable, their effect being within the remanent

correction prior to correction,

9,c.4, Comnarison between Electric and lagnetic
Deflection and Focussing.

Although the Projection CRT required, as well as the
Jidlcon, are focussed and deflected by magnhetic flelds,

5 flelde , the alternatlve of electrostatic beam deflec-
tion and focussing, E flelds will be briefly mentioned
far eomnarison, The major difference between u-and d-
rfield" Deflection and Focussing 1is that:

(a2) with g-fields, the energy of the beam electrons
changes within the E-field region.

(b) with B-flelds, only the direction of the beam
electrons is changed but not their ehergy.
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Based on this, it can be shown (see for example ( 298)

that:
(i)

(ii)

(1ii)

(iv)

(v)

for equivalent deflection systems, defocussing
aberrations are greater in E-field systeus
than in B-field systems. "

for this reason, only small diameter electron
beams can be tolerated in g-field systems,
otherwise the aberrations %ecome unacceptable.
Consequently with such lower beam diameters,

the resultant CRT intensity is much lower thanip
Q-field systems,

For this reason, if for no other, 3-field CRTs
would not provide the high luminances required
to maintain and regenerate the displayed infor-
mation,

In E-field deflection, the generated display
raster is nominally linear on a flat CRT screenyg
in g-field deflection, the resultant display
raster is nominally linear on a spherical CRT

screen, The latter screen shape is that requir&l
for the Schmidt Optics System focussing, 4gain
for this reason B-field deflection cannot be
used., h

From the expressions relating the deflection

to the 3 and g fields and the accelerating
potentials, it can be shown that variations in
the accelerating voltagef'VAg such as due to
power supyly variations, pickup ete, give greater
deflection variation for the Erfield system than
for the 8-field system.

The cost of Z-field tubes is usually greater than

that of the B-field tubes,
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E-field tubes however usually have faster
response and are more economical, power-
consumption wise, For Vidicons, only experi-

mental E-field tubes have been reported thus

~s

far e.g.(299,300).

9.3. FOCUSSING OF ZSLiCILRON BEAMS
9.3.1 Introduction
The focussing system of the CRT and of the

Vidicon ensures that the electron beam, after emission
and after deflection, is incident on the CRT screen or
ohotoconductor target with the required beam diameter
given by expressions 9,1(a) and (b).

The focussing action may be likened to that in
lenses in geometrical optics,with analogous focussing
defects oraberrations"present in electron optics as in
geometrical optics, Consequently, even thouigh the electron
beam may be sharply focussed (at "best focus") at say,
the centre of the scanned area, away from this centre,
the focussing deterioriates, and the electron beam '
diameter increases, while the cross sectional beam area
may become distorted from its ideal circular shape. Conse-
quently CRT display locations themselve$ appear distorted
in shape while the Vidicon's output may result in spurious

signals,

The object is to produce "best focus" or
acceptable focus over the whole scanned area, or at least
over the scanned area corresponding to the active display

area.

9.3.2 Reguirements of CRT and Vidicon Focussing.
9.3.2.1 CRT Reguirements.

For the CRT, "best focus" is certainly required
over the active display area, for the following two reasons:



(i)

(ii)
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The active display arca is to be observed by
the user and thus must be of acceptably'gocd
quality! For user-confidence and comfort,
liore importantly, when the active display area
is imaged onto the Vidicon photoconductor
target, the individual locations must not
be defocssed to such a degree, &t hat any one
imaged location would "spill over" into the
display dement area associabted with a neigh-
pouring location, During scanning, a signal
may be generated/associated with this light
incident onto the neighbouring location, of
large enough amplitude to the detected by the
"1L1" Current Level Detector, resulting in an
invalid display location being gnérated on the
CRT, This spurious location will in turn be
defocussed and generate yet another spurious
location. Thus .in consecutive frame-times,
one display location may give rise to many
spurious displayed locations merely due to
defocussing (see Fig 122(e)).
To ensure that 'best focus"is present, some
form of “focussing correction,’ in addition to
the existing focussing, may be required.
focussing which varies from display
location to display location on the display area,
is called "dynamic focussing" as'opposed to
"static focussing"™, which is the focussing used
which assumes that for a constant focus control
narameter (usually the focus coil current), good
focussing is achieved over the whole display

area.
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9,3.2.2 Vidicon Requirements

For the Vidicon, focussing requirements are
not quite as stringent as for the CRT, The scanning
electron beam discharges the CRT-originated charge
pattern locations, which may be slightly distorted in
shape and displaced from their geometrically linear
positions by the Vidicon camera lens, which has itself
some “pincushion", or "barrel" or other distortion.
Distorted chargeaccumulations corresponding to the CRT
display locations may thus feasably be "aligned" in
“"howed" lines,typical of pincushion or barrel distortion
(see F;g.122(a)). The scanning beam may thus itself have
a larger (or"vertically elongated "Jdiameter than that
given by expression 9.1(b), so that when the beam sweeps
in a linear horizontal fashion (with no pincushien
distortion), displaced charge locations will still be
swept and discharged by the beam.
Alternatively, if no Vidicon beam defocussing is present,
such displaced charze locations will be swept by the "fine
focusced” beam,either during the first or the second field
within a frame time, as a strip of the two H-lines width
"AUW" is associated with each Vertical coordinate (see
section 8,34,2); the adjacent lines of course are scanned
in interlaced fields of 20ms duration., '
Consequently, for the Vidicon, two beam shapes could be

used for scannings: ,

(1) a beam at "best-focus™ over the whole active
scanned area, with 2:1 interlacing required to
read sut all display loctions which may hafe
been distorted,or displaced,by tihe Vidicon Lens
Pincushiér or Barrel Distortion.

(ii) a beam of cross sectional area of "twice height

to width® ratio, without interlaced scanning.
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I'he scanned arca would be completely scanned
twice per frame time of HOms, the scanning beluoy
done in the twp normal H-scan-line wide strips.

The former is preferred here, as the availlability of
Vidicons with beam apertures shaped of the latter form
is doubtful, while the generation and control of such g
beam, although not unfeasable, is outside the scope of
this thesis,

The two methods are illustrated in Fig,122(d).

9.3.3 Methods of Focussing,
Magnetic focussing of electron beams (electro-

static focussing being precdluded - see section 9,2.4) can
be achieved by two different methods:

(i) by a short, axial mdgnetic field, produced either

by a permanent magnet or an electro-magnet.
Focussing is achieved by the radial component
(with respect to the CRT or the Vidicon tube
axis) of the resultant magnetic field. The
mechanism of focussing is similar to that of
beam deflection by transverse magnetic fields,
This is the usual method of focussing in CRTs
(see Fig,123(a)).

(ii) In Vidicons, focussing is achieved by a long
axial magnetic field of high intensity, such as
that produced in a solenoid carryirig a DC,
Blectrons emitted from the Emission A ssembly
Aperture at some small angle "y" to the tube

axis, will move in a circular motion around
the lines of force of the axial field
(see Fig.124(a)). The period of such a result-

ant circular rotation is independent of "Y",
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for small "Y' and independent of any axial
velocity of the electrons, Consequently all
electrons emitted from the aperture will, after
a certain time, all spiral back to another cross
over point of the same size as the Aperture.
Since all electrons are considered t o have the
Ssame axial velocity, the circular motion is in
fact a helical motion, and if the photoconductor
target is distant one such helix spiral away,
the beam impacts the target with a diameter
equal to the Aperture diameter i.e. the beam

at the target is focussed,

The mechanism of focussing, imperfections of
focussing or aberrations, focus coil assembly etc, even
tn"ugn complex, are well known and covered very adequately
in the litersture (for example 29h,?94j301) No great
detail will be entered into here on these topics; the
starting point will be the operating expressions for
focussing in determining the primary, focussing aberrations
and thence the required corrections,

9.3.4 CRT Focussing and Correction
9.3.4.1 Defocussing due to Beam Length Variation

Referring to Fig.123(a) showing a typical short
focus coil arrangement common to most CRTs (including
Projection Cnls), and its relation to the Beam Bmission
System and the CRT screen, it is found that the distances
“P" and "L", are related, analogously as in geometrical
optics, by

1 -

F

N

zhy g
P+L o-ooo-.-.oo--9-

where "F" is the "focal length" of.the magnetic
"focussing Lens" (301,302 ),
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Further it is found, that if the focussing field region
is short, and no electric field exists within this

region, then 1 .
1 _ ndis < :
F = Eﬂg'l . VA. HZ-dZ e & ® o e 9.3
I 2
= K1 ._S . ] L] . » ) . . ] ] .9.3(&)
VA
where "e", "m" are the charge and mass of an electron,

"VA" is the accelerating anode voltage,

"HZ“ is the resultant axial magnetic fleld due
to a focus coil DG current "I,

"z" is the distance along the axis,

"o to 1" 1s the region whéreﬁHé'is active and
is considered to be constant.

and "K1" is a constant,
Also aS HZ = C - IS ] [ ] L[] L] [ ) [] L] L[] L] [ ] L] - .9.)‘}
where "C" is a constant, then 9.3(a) is true.

Now as the beam is deflected across the screen, "L" varies.
The"centre of beam deflection'is usually taken as the
centre of the deflection coils which is not the centre of
the focussing coil. Thus even for a CRT with a spherical
screen whose radius of curvature 1s equal to the distance
of the centre of deflection to the screen (as in the
Projection CRT within the Schmidt Optical system ~see
section 6 ,3,3), "L" will vary to "L+ sL" during beam
deflection,

For the general case where the radius of screen curvature,
"Rg, is not coincident with the"c%ntre of deflection"C,"
and where the distance between C and the centre o5f [focuss-
ing"G"is"AC, (see Fig.12Xa)), then, it is found in

Appendix A,6,1 that:
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2
= __5_113 (1 - L;J&g).

2 dERET
2(L- AC) Rg

where "x", and "y" are the beam impact screen coordinates
referred t o the centre of the screen where x-0, y-0.
For a flat screen CRT, the usual case quoted in the
literature (303), Rg = oo, and the above expression reduces
. 2, 2
gL = X2 — = Kg(x2+y2) e v e e . 29.5(a)
2@ - AC)

Now from expression 9.2,

AE _ AL ) 9.6
F2 L°
F2
leading to §F = sL. =
L

Similarly taking differentials in 9,3.(a)gives

AF _ 251,18,51,,(=-i-%‘). e e e e 9.7

F°2 Wy
v §L
thus &I :—.—a—-i—-—z ® o @ ‘s ® o » o o 9.7(8)
2K1IS L
or gL - _1(V, )f_& = 'L—zﬂi e o+« <9.7(b)
IS 5 K1I28 L2 2L

Substituting for'sL" from 9.5(a) gives

51 -F (x2+Y2) = -K3.(x2+y2). . o «9.7(c)
Io . 4.%(L- AC) |

F

where K, = =——
3 4L2(L- O8C)
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Now the Horizontal and Vertical ScanningW aveforms,being
ramp or staircase currents themselves,are linear
functions of time (and hence position) and thus

x =K I ,and y =Ksl, . ... ..., 9.8

il ] L. _ . _
where K), and K5 are constants and K I : KSIymax'Th'B'
Consequently,

) 2
x2+y2=Kh2I 551 12}, L. 7 9.0
X K, y

Substituting gives,

51 =-I,SK3.(K,+)2(IXQ+ (;_5)
L

5I(x,y)==K(I °+ K7.Iy2) o s @ w s 9.10(a)

| - K\ .

where Ke = Is-K3(KL,)2’ Kg =(R'5) are constants,
L

This then is the correction current to be fed itito the

focus coil,in addition to the current "I "y which by

itself produces the normal static focus.

In practice a separate "dynamic" focus coil is
provided, as close to the "static" focus coil, as possible.
This is shown in Fig.,123(a). This "dynamic focus coil" is
usually a low inductance coil, so that the response in
generating the field corresponding to the avove input
current in expression 9.,10(a), is not delayed by the time
constant due to the inductance and resistance of the coil.
The total driving current intothe dynamic foeus coil is
l1ow enough to be supdlied directly from I-C Op-amps
which also acte as a Surmer for the individual current
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The block diagram to generate this dynamlic
focys correction is shown in Fig.123(b). The blocks
labelled as "Squarers" canh be"h-quadrant Analog Multi-
pliers®with the two inputs into each being either the
"Ix" or the "Iy" currents,

"is derived

. : "
The pea's expected amplitude 5Ipeak

as follovs,

From the 5" projection CRI data (259), from
which the tube dimensions and locations of focus coil
are obtained, it can be found that L= 8% s P = 21
hence from expression 9 2, F=2.0", For x —3" y = h"
and &C »13", and R-s'?ﬁ" then 8L " from expression 9.5,
is equal £ 0°06" and thus 5§(from expression 9.7(b)) is
equal to about O 001" As DC currents "%ﬁ for focus coils
are of the order of 200- 500mA (300),the actual"almax"
is of the order of 5+2 to Q-5mA; hence the output directly
from Qp-amps can be used. This apparently small and
negligible correction is due to the fact that the projec-
tion CRT has its centre of deflection almost coincident
with the centre of curvature of the screen, Deflected
beam lengths are thus nearly constant andvaL"—o()according
to expresrion 9.5. In flat screen CRIs with the above
CRT dimensions (but R-e) then 3L «0-9"and “%“ equals
0-0125, With I =200 - 500mA,"51ma£'would be 5} the order
of 25 - © mA,

9,3,4,5, Defogussing due to Non-normal landin of Beam

' The other major'dynamic defocussing” effect is
due to the non-normal landing of the bzam on the screen.
A beam landing normally, as at the centre of the CRT
screen, presents its cross-sectional area A1 upon impact-
idg on the screen, A beam landing non-orthogonally, at
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at some angle"q"to thie normal, oretents a beam area of
Wa,sac ?"on-meachornmuup to 20° off normal,* A, Sec ¢
is only about 5% more than the nominal beaﬁ cross-
sectional area, ana thus this effect can be neglected as
such non-normal beam landing is only encountered in flat
screen CRT,which for our purpose are of no interest.

9,.2,4,2 Conclusions

It can thus be concluded that Focussing
Correction is unnecessary in the Projection CRT required,
as beam length variations are negligible and beam landing
is near-normal. ‘

9,%,5. Vidicon Focussing Correction
9,3,5.1 Vidicon Focussing.
In Vidicons focussing is carried out on beams

consisting of "slow electrons" (accelerated by anode
voltages of about 300-40OOV ),the reasou being %o preclude
any Ssecondary emittad electrons from being generated
upon beum-target impact . The focussing field is a long
axial field produced effectively by a long solenoid,
within which the Vidicon tube, including the deflecting
coils, are inserted (see Fig.124(a)). Both the "object"
i.e. tiie Beam Emission System Aperture and the image,i.e

432

the photoconductor targetylie within the focussing magnetic

field., As shown in most textbooks (see for example (295,
201), such "slow" electrons describe a spiral path around
the axial magnetic lines of force, the "length" of a
spiral (or "pitch length") under certain conditions being
constant, for electrons emitted at various angles "4 to
the tube axis, i.e. for those electrons requiring focuss-
ing., Thus all electrons emitted from the Emission System
aperture, will after one spiral cross or meet again to

Corm a2 “Focussed® spot of Aperture diameter cross—sectional

ared, The same focussing occurs after 2,3,..n spirals,
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9,3%,5.2 Defocussing due to Beam Length Varistions

The 4 xial pocussing Magnetic Fileld has super-
imposed within it, the" x'Direction and®y"Direction Maghetic
Deflecting Fields. As an approximation these resultant
magnetic fields add vectorially to form the resultant
field as shown in Fig.126(a), and the slow electrons
spiral along the nett "bent" axial lines of force, Near
the photoconductor target, only tne axlal focussing field
is operative (the deflecting magnetic fields being much
"shorter" than the axial field), because the electron
beam is required to land normally onto the phototarget
to ensure that the stored target charge is fully discharged
(see section 5.4 ). (The calculations in section 5.4,
assuned the worst case that the deflecting field was
pperating near the target region also and hence beam

landing was non-normal};

The angle of deviation "y" of the emitted
electrons from the emission assembly aperture is quite
small (by suitably designing the emission assembly) and
certainly less than about 120, otherwise under maximum
deflection, the dimensions of the spirals and of the
locetion of the nett lines of force would be such that
spiralling electrons would be inclident on the sides of
the 1" diameber Vidicon ( a simple geometrical calculation
will show this, taking into account the length of a 1"
Vidicon deflection region and the dimensions of tne scanned

areal.

The velocity of these bsam electrons is

derived from
2

. 1 - i 7
= = e o & o L S S . n 5 C
eVA Sl Vi (from expressio ),o)

1
= 2n (Vr2+ Vz2)

M
[SY
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where ‘VA“is the accelerating anode potential
‘Vz"= VTCOSY the electron velocity parallel to
the tube axis.
v vr'= vy Siny, the electron velocity radial to
the tube axis,
and ! v; is a constant for any fixed V,.

Ti:e force‘guon an electron within a magnetic field g is
given by .
F=pvxH . .00 Q.11

Hence the electrons parallel to the H . axial field, with
velocity'v "', are unaffected byuggz while the electrons
with a velocity radial to’ﬁé are deflected in a circular
direction (see Appendix A.6.3)’with the radius "r" of
resultant circle of deflection .heing,

r = myz a o o o e & = @ . L] ¢ o ° 09012

Due to"v,"being present, the resultant motion is a spiral.
The period "TS" for an electron to describe a circle 1is
derived from the equivalence of distance travelled inh a

spiral
Vr’t = 2T 4 o s o s o o o o o o s 49,13
K
then R It R I ©

If the distance between the Zmission Assembly Aperture
(the"object) and the photoconductor target is "Zg§
then

Tgev, = Zx = constant . . . . . . . s 9.1k

implying that both "Tg" and "v,;" need be constant.
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nvzn is nearly coastant; for -12°<y <:120

' Vz varies by about 2% from unity.
7
T

Under deflection, with the total angle between
the direction ofth'and the tube axis, being "¢",

then,
¢ = arctanﬂi?%ﬁ . e

= x2+32
L

s @ v i@ e+ 19,15

.............9.15(3)

(with less than 5% error for ¢ :5;20°), where'L "is the
length wherd the deflecting field operates (see Fig.126(a).

Now using the first two terms of the series
expahsion for"Cos¢:

VpcOS ¢ =VT(”‘1:_%12)4 b=, ). .

e e . . . 9.6

2 P \
MV (1 - E2=2¥y  5n substitution for“w‘
'/
B T

« « s.0 s «9.,16{(2)

As it is required that (expression 9.14)

Tg.vy = a constant, 2y
then substituting for' 'and "y " results in
K \7
-I'I_8 B _—I_-Z_2 B ZK e ® ® ® 8 @& @ 9.17
~ (1 + x%+y°%)
212

If the magnetic field g is such that

H o= Hp(1 - xZy2) .. ..

.. 29418
512 .
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L P B
with HF fixed, then both sides of expre551on 9,17 are

constant (except for a negligible 2-nd order term (x 2)2
Since the static focus magnetic fleld %?, is caused by a

DC current’ ;F flowing in the focus coil such that

HF= K91F e s = e e e & 8 o o & s & o 9-19

"
then the required focus coil curreng'g}is given by

&2
I, = L&), ine e 9.20
} 2L
And from expression 9.8,
X = Kqu and y=‘K51y. G s & 9 e DD

then the nett required current irto the Vidicon focus
U ]
coil In 1s given by,

2f+ 2 2 . 2 A
L= T - 1Ky) (fx + Ej) ,Iy‘)....9.co(a)

oL2 Ry

= 2 2

= Ip - K1O(Ix + K7Iy Yo ¢ o o o . 9.20(DL)
2 2

where K1O= & '(z’-}) - and K7 =(.1_12_+5) are constants,
2L

A block diagram of the circuit accomplishing
this is shown in Fig.,124(p). The block generating the
term "Ix2 + K7Iy2" is the same as for the CRT dynamic
focussing, and will recur still later for pincushion or
barrel distortion elimination,

The scaling of the two input resistors to the
differential amplifier is as follows:
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Bquating 9,20 and 7,20(b) results in

2, 8
I(x +g)= k. .1.2(1 +%55,\ 2) ... 9.2
F 2 10°7x

2L KT,

g . B L
k, = |Fl, [X 2"\ oK TV
R N )( (xx)
X L ox

Fron the equivalence expression of 9.8 this gives

Kio = rEF : xz{;ﬁé)(?}(é‘)....c)eg

For the Vidicon "xm x“ occurs afi the scanned

a "
area corners and is equal ¢to & , while "L" is of the
order of 2 2.5, "“x_ __" corresponds to the horizontal

max

sweep current ramp of

Hence

I ‘
I = peak to ggaki],
X max : 5 .
2
Ko = LIF|2 L () e e 9u22(a)
(1,_,) 2.(2°5)
I |
:.—:l—‘-'i'-z o i o ot w o ¢ 3.22(Db)
50 (1_)

"L" is normally about 200-300m4, while
“Ip_p" is usually of the order of 100mA.

K1O ) _29@ . _1__ = _2 e o s e e o 9.22(0)
2
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9,3,6 Vidicon Beam Landing Corresction

At this juncture the circuit enabling the cathode
potential of the Vidicon to be varied to compensate fer
non-orthogonal beam landing (see section 5.4) onto the
photo conductor target,and hence to compensate for varying
degrees of output signal degradation will be described.

In Sectlon 5 h the requirement was stated that a voltage' WK

of -V Slﬂ w was required at the cathode,where
¢ = arctan¢ x2+22 w2 3 2F 22 AEED
L

[
uith' 7;,'L,"x and’y" as defined previously and 9 + 7°.

Expanding the above and substituting into the
expression for the required voltage results that the cath-
ode voltage must be given by

Ve = -V, (X2492) s v e e e e e e et 49.23

and substituting for "x" and "y" from expression 9.8 gives
2 2 2
v =<2 (I;h) (Ix * (Kslz) ) .. . .9.23(a)
L

- Ky (L7 + K71f,) C e e e . .9.23(D)

- H " _ [} [}
The peak value £ Vi ., for VA=:300V and ‘¢ = 7°is of

R LGS
the order of -4V,

'he circuit enakling the above to be implementad
is shown in Fig.127 (with the Summer 11'and the Resistor "R
at the Vidicon Cathode).

L

9.3.7 Focussing Aberrations

The focussing defects or "aberrations" mentioned
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above and for which correction circuits have been
derived, are due to “dynamic" effects i,e due to beam
daeflection across the scanned area, It has been assumed
that undeflected beams i.e. those incident at the caentre
of the scanned areas where®x)"y"= o, are correctly
focussed., Thils is not strictly true, as anologous to
focussing aberrations in geometrical optics, "aberrations"
still are present for such undeflected beams, in electron
optics.

Specifically, these aberrations are called "3rd-order
aberrations", As in geometrical optics, many expressions
in electron optics,describing the individual electron
trajectories within the electro-magnetic fields, contain
terms of the form "sin ¢ 'ywhere "X" is the angle between
the trajectory direction and the optical or tubé'axis.

Usually "sine" is expanded into the Series (ci-@EQB-h.).

In "first order" electrpn optics, "sinxX" is
approximated by "ec"., If the"(_ﬂj!' term is included,
certain terms appear in the resu%ting trajectory express-
ions, indicating deviations from ideal trajectorles.
These "defect" terms are the "3rd-order aberrations",
Clearly they become more significant as "e<" increases.
Particularly,when beams are deflected, "o" increases and
so do the aberrations,

Compared with "dynamic" defocussing effects, the"3rd-
aberrations"are not greatly significant, A brief mention
of them will be made for completeness sake, References
(294,296,297) contain a full treatment with excellent
illustrations of these aberrations on beam spot size,

Analogous to geometrical optics, the aberrations

are: -
(1) " spherical aberration"
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A . [ e i
(i1) "Coma

M ERG R [/ ‘ e v .
(iii) " Curvabure of Fieia"
(iv) "astignatism "

" e . R "
(s) "Geometrical distortion.

As magnebic filelds are anictronic foir electron Bbeanm
deflec ;ions (beams Lravarsing Lldenblcal Grajectories in
opposite directions are deflected differently), their

presence introduces three more aberrations:

. W o~ . . N ]

(vi) " Spiral distortion’
. - ] 0 . "

vii) "arisotropic coma “

(viii) "arisotropic astigmatisn

Tre effect of all of these aberratiors is to
ircrease the beam diameter or CRI display spot size,
symmetrically or unsymmetrically to a greater cr lesser
degree, TIllusktrations of such distorted CRI screen spots
are given in (2% ,256,297). The expressions derived 1in the
literature (for example (305 ) are cuubersome snd unwieldy,
due to the complexity of problems involving electron beam
motipn within 3-diumensional electromagnetic fields,
Sxpres.ions of practical signifizance are even more
difficult tc obtain. 'The determinatisn of aberrations (and
hance corrections) depends on thz exact knowlecdge 57 the
electric and magnebic fields witnin the focussing, deflect-
ing,and accelerating regions, Thaese are difficult anough
tp measure Lo any degree of precision within tre small
confines of a CRT or Vidicon tub: dimensions; the exprsss-
ions for obtaining aberrations Jurther require the first
and higher order gradients of thise electro-magnetic fields.

Ascumitg then that these have been derived from

the ficld measuraments, and assuning that within tha
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faberration expressions: the aberration coefficiants have
bean identified with each of the electric and magnetic
fields, t:e corrections eliminating these aberrations
still require to be made, Generating correction current
and voltage waveforms, derived from these expressions,

is too complex, requiring too many complex function
ganerators, ‘

The usual method is to shape the coils and electrodes
riving rise to certain electro-magnetic field distribu-
tions and seeing the effect on trajectories by"ray-tracing:
iiore recently,”Computer Generated Ray Tracing"techniques
have been implemented (306). All this is,of course,

putside the scope of this thesis,

9,3,7.,2 OQOther Focussing Aberrations
' The other major aberrations which may be

nresent ares
(i) First Order aberrations which occur when axial

symmetry is absent betw:en the klectron Beam !
Zmission Assembly, the Focussing Sy stem and the
DeflectionC oils and the CRT, or Vidicon Target;
thus all these components must be so aligned
that their longitudinal or electro-optical axis
are all collinear, Otherwise, a misalignment
occurs between the undeflected beam and the
centre of the scanned area of the target, which
is equivalent to all of the electrons in the

s undeflected beam being aligned at some small
angle "§Y" to the tube axis. The result is
unsymmetrical, increcased aberrations over the

wnole scanned area,

Boam centering assemblies, consisting either of

permanent - or electro- magnets can be used and



are comuercially obtainable (302); they are
usually provided with TV camera Rocussing
Assemblies or in CRIs, Theyrealign the electron
beam with the optical axis of the tube.

i{icrometer - controlled,precision ¢oil Position=-
ing Assemblies are similarly obtainable for
precisely positioning or rotating deflection
coil assemblies (3C2).

It is assumed, with reasonable justification,

that the commercially available projection CRTs and the
Vidicon assembly of T.ube fﬁd Deflection and F ocussing

€ 0ils, have insignificant 1-st order aberrations'and“Brd-
prder aberratians"which are no more significant than the
"dynamic defocussing", which as seen above, is correctable
whithout much complex correction hardware.

This assumption is based on current technology

capabilities and on the fact that the active display area
over which the assumption is to be operative, lies within
the central part of the scanned area (see Fig,105) wher:
defocussing effects are much less than near the edges of
the scanned area.

9,3.8 Summary.

$ ()

For CRTs the display locations need be sharply
focussed and of constant size over the whole
scanned area, or at the very leastj over the
active display area - otherwise spurious display
locations may be generated due to electron beam

“spread” or ‘defocussing’,

42



(2)

(3)

Ly 3

For the Vidicon, sharply focussed beams are
also required over the active display area but
the requirements can be relaxed over that
required for the CRT.

Defocussing is caused by the folloﬁing reasons:

(i) "first-order aberrations™ or aberrations
due to any or all of the following
components to be misaligned with the tube
optical axis: Beam Emission pAssemtly,

D eflection and Focussing Coils and CRT

S areen or Vidicon T.arget. Commercially
available' beam alignment devices are
available to eliminate these misalignments,

(ii) "Third-order aberrations", due to the
noh-constancy of electric and magnetic
fields within the focussing region, and
which make themselves apparent at large
beam angles with the optical axis,

Present day technology and the fact that
the active display area is smaller than the
total scanned area make these aberrations
negligible,

(1ii) Increased third-order aberrations due to
beam deflection in generating the dsplay
raster, being present,

(iv) The variation in beam length from the
centre of the focussing region to the CRI
or Vidicon target, due to deflection.
Normally focussing is usually static,

~ "the best focus" being for a fixed beanm
length.
This is the major cause of'defocUSsing;and
corrections are applied to eliminate this
form of defocussing,
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(v) the non-orthogonality of the becam to
the target on impact causes an increase
in beam cross sectional area,
This defocussing effect can be neglected,

(4) For both the CRT and Vidicon, simple“correct;an
wave=forms' derived from the Horizontal and
Vertical Scanning C urrentW aveforms, and
feeding into the Focus Coils can be easily
implemented. |
For the CRT, a separate "Dynamic" Focus Coil
(commercially available) is required, However,
in the spherical screen Projection- CRT

corréction is mot usually required.

For the Vidicon, if the focus coil is of low
enough iaductance, the correction current can be
surmed with the Static Focus Current and the
result fed into the _existing Focus Coil,

9,4, DEFLEZCTION OF ELECIRON BEAMS & PINCUSHION OR B

DISTORTION CORRECTION |
9.4.1 Iatroduction

Deflection of the electron beam to scan the

display area in both the Vidicon and the CRT is cgused by
magnetic fields"H;'and"Hy"whose intensity changes in a
predetermined manner with the frequency of the H- and V-
scanning, These magnetic fields are thus functions of
tide, with'H = HH(t)"and“Hy = Hy(t)"where the sub-
seripts "H" and "V" refer to the horizontal " x" and
vertical “y"directions respectively, This time variation
is only.,in relation to the scanning and hence to the beam
deflection angle, and not to the time of transit of
electrons within the beam between the beam emission

assembly and the instant of impact  on the target.
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A simple sum will show that for the slowest beam electrons
those in the Vidicon, accelerated by an anode voltage

of some 300V, this transit time is less than some 0:1uS.
Hence deflecting magnetic flelds for any deflection may

be considered as quasi-static.

The deflection system must meet two requirements:
(1) the resultant generated display or raster must
have geometrical fidelity - i.e. focussing must
be retained and the raster must be geometrically
linear,
(ii) It must have efficient power utilization. This
requirement maybe relaxed in favour of the firsu,

The Magnetic Deflection Sy stem of both the CRT
and the Vidicon consists of two pairs of deflection coils,
one pair for Vertical deflection, the other for the
Horizontal deflection., Between a given pair. of coils the
deflecting magnetic field is generated, by feeding into
the doils a linear ramp current (for the horizontal
deflection) and a linear staircase current (for the
vertical deflection), which generates a linear varying
magnetic field according to

H(t) = Koi(t) « v« ¢ « o « » «(as in 9.,19)

Ideally it is assumed that this resultant
magnetic field exists within the whole of the coil region;
in fact it exists on the coil axis, and varies slightly
(decreasing) away from the axis,in a radial direction.
Hagnetic“field fringing"also occurs at the ends of the
deflecting region, i.e. at the ends of the coils,
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Any derivation of deflection expressed as a
funetion of the linear scanning current, "I(t)", and any
deviations from ideal deflection ,should take into account
the form and distribution of the fields"Hy(t)', "Hy(t)}
along the axis of the coils (the "Z-axis"), the radial
variation of intensity,and the end fringing effects,
Difficulty in measurement of these field distributions
is one limiting factor which precludes this, The other
major difficulty is the complexity of the equations
themselves and their analytic solutions; numerical methods
or approximating assumptions need be made before solutions
can be obtained.

The predictable distortion which can be expressel
with analytically defined coefficiants is the pincusion
or barrel distortion, which is present even with linear
deflection coil driving currents. Correction currents,
analytically defined, can be derived from these distortion
expressions to compensate for the distortions, The :
remanent distortion after correction will be of the order
or less than 0«5 - 1:0% which can be corrected and elimin-
ated by the distorticn correction methods described in

chapter 3,

The expressions derived here differ from those
given the literature (e.g. 294, 296) in that emphasis is
on simplicity of expressions and "“correctability" of
distortions, rather than expressions which identify the

causes of distortion, which most textbooks and references
on the topic seem to do.

On the other hand existing derived expressions
suitable for correction analysis either glve inadequate

explanations of derivation (303,307) or else make



assunptions which are too simplifying (308).

vlagnetic beam deflection in a CRT is due to
magnetic fields located 1n a region separate from the
region containing the focussing magnetic field region,
"Fzst" electrons are deflected, that issthose accelerated
by accelerating potentials of greater than 10KV; 1in
Projection CRIs,the accelerating voltage is of the order
of 25KV or more.
In Vidicons, the deflecting field is superimposed on the
long axial focussing magnetic field, "Slow" electrons

are deflected, accelerated by potentials of some 300-L00OV.

Consequently, the mathematical treatment for
both of these cases would appear to be somewhat different,
even though the final correction expressions will be
shown to bear some similarity. The derivations must, of

necessity, contain approximations, the main one being that

the region within which the magnetic deflecting region is
present be sharply defined by the deflecting coil bound-
aries; the field within this region is assumed to be
constant, while outside the region the field is zero.
Such approximations will result in correction expressions
still accurate enough, so that when the correction is
implemented remanent pincushion distortion is less than
about 0+25%, while distortion is within 0.5-1.0%.
Distortion without correction would be in the order of

3 - 5%,

Lo N\D
° .

4,2, C:il Distortion and Correction.
4,2,1 CRT Distortion

The derivation for pincusion distortion Cor
arbitrory curved CRI eereens 1:a derived in Appondix 4,643

fnon papar aghmittad Cor publication, Therelin 15 contained

Ll
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a short review of existing derivation for pincushion
distortion and their shortcomings, for our correction
purposes, The distortion expressions are derived from
first principles.

For a curved CRT screen where the centre of beam deflection
is not coincident with the centre of screen curvature,

the "y" deflection is given, from expressions 40(a) in

Appendix A.6.3 ,

3 27
y = -K.BX-L.S - KB-% .S.E- EEE_Ag_ - ]%].BX.EXQ-FBYJ (LI'O(a))
2

where "Bx" is the transverse magnetic field causing'y"
deflection and where Bx = Kny.

where WK " is a constant s

and I " is the ramp current causing y-deflection.

WE M js the transverse magnetic field causing
¥x"deflection. Again By = KxIx; "Kx“ is a
constant . '

"W K" is a constant and equal to -§5v
A
whare We" ,"m" are the charge and mass of electron,
"V," is the accelerating anode voltage ( ® 25KV )»
BISH is the distance from the centre of the
CRT screen and the'centre of deflection,”
WL is the length of the magnetic deflecting
region,
"RS" is the radius of curvature of the CRT screen.
'QLS" is the deviation of the screen from flatness
at the point where the beam is incident.

These distances are shown in Fig.125(a).

An analogous expression can be immedlately written for
the x- deflection,

Expression "40(a)" can be rewritten as
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. ' 2 5
y =M I + MQIJEKXIX) + (Kny)‘],,,,..9.2h

! - ’ [}
Mhere 141 - - 2mvﬂ . L.S Ky e e o & o 8 ® -9025

3 ;3 S
M, = -(L'ﬁ) -g— . K.Y 8(1- m)
2
e o o o @ 9.2 6

4,2,2, Distortion Correction
Rewriting expression 9.24 as?

2 2
y = -M1Iy.(1 + Mz:j_.x_ . EXQ *(%&)])-9-21‘(3)
1 X

then if a current of the form

2
I'= 1 [1-Mk2 12, (KI, ) s o
e (e e ) ]) s

is fed into the deflection coils, the new deflection becores

. M 2 (K Al 2\
y = i, ( L (Ix+(K.z.1y) )] }..9.28
X

a:-h1Iy y the required lihear deflection as
the second term is insignificant (less than 0+1%).
Similarly a current into x-deflection coils of the form

| _ il 2 2 K I
I, 'Ix(1 -[i:ﬁa k2 I (Kf) )...9.27(&)

eliminates pincusion distortion in the horizontal coordin-

Jzkﬁ

ate,

As it is required that'ye<3_'and"x«3.' and as

y =K I . B, = K, I,
_ expression 9,8 an |
x =Ky I By = K I,
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. K K,
then i;i = Elb i % 8 e @ s & & e« o & @ % @ Jec 9
K, K,

4

2
implying that the factor IX El
h
X
I‘R
2]
—

+r\:

s B ma = | .
is identical to the factor (Iy iﬂ used ire defacussing

K /

L STV i7e
expressione for the CRI and the Jlulcon.

The block diagrasm in Fig.125(b) indicatas the

correction implementation,

The expected amplitudes of pincushion distortion
can now he calculated,

(a) Fer a flat screen CRT, RS = 09, and thusumglis
evaluated with tie bracketed factor in 9.26
ecual to (1- 1%5). 'kis i¢ the usual case
quoted in the literature,

(b) For the Projection CHE, then, as mentionhed
previously, to satisfy certain Schmidt Optics
requirements, the screen it made a spherical
section with the Centre of Deflection'C,
ccincident with the Centre of Curvature of the
Screen., Under these ceonditions Rg= S  (see
Flg.3 in Appendix A,6,3). With typical values

sr a 5" Projection CRIL,

N _ " _ a ) 'ﬁ 1] ) m.
HE = 7& = S , AAE%MX‘— 0:32 (from Tableq )
L = 3 9 4;& <§ RS and caft be neglected

It can be easily found ( 30h4) that

N
=1
<
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where ¢ ¥ arctan g/:s(2+gi , the angle of deflection

0 Q/X2+! ,correct to about 5% for angles less
than 20°,

1

For maximum CRI deflection whers x =35 2, y_'}"

then substituting into 9.24(a), and noting the equality
civen by 9.29 and 9.8, the maximum pincushion deviation
from linearity is

2 2
5 =+ My (KT (Hﬁ&)). .. . 9039
M1 KL}IX

and substituting the above values,
3 2
AT E AT (2ry
2mVA LS
e _
2m VA ' e : . 9.31(
. . U .
The negative sign due to the TS term indicates

Barrel distortion. Sxpression 9,31(a) reduces to, for
maximun deflection ,

b ==l ((1) + 2) (1 +(ﬁ)2) .. . 931D

h
and substituting for' L and'S" from above
5 = 1.0% e o © @ ® © e e 8 e © o e o o 9031(0)

indicating barrel distortion of some 1% full scale
distortion. The maximum error term or remanent barrel
distortion after correction is derived from expression

9.28.
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Thne nominul remanent barrel distortion evror is
2
() = 0°01%.

The suggested block diagram implementing eorrecton
is shown in Fig.125(b),

9,4,3%3 Vidicon Distortion and Correction

The derivation of the expression for beam
defl=ction on the photoconductor target of a Vidicon,
including the distortion,is derived in Appendix A.6.k4.
Included therein is also a short explanation of the beam
deflection in Vidicons and its difference between CRI
beum deflection, Again the derivation was from first

principles,as no easily 1 .terpretable expressions suitable
for correction has been fo.nd in the literature, Some
expressions do exist (309) but these are for the Image
Grtiricon, which though bearing superficial resemblance in
tne focussing and deflection systems,has some significant

differences,

Some simplifying assumptions have been made
in deriving the expressions, but the form of the express-
ions is essentially correct in specifying ' the barrel
distortion, and hence will be correct in specifying the
correction required.

Expression 13(a) in Appendix A,6,4 1ndicates
the "x ~deflection"“on the photoconductor; it is

2 2 (ii) .3, - -g.ZB—TZB .ax.(sz N 3y2) ...(13(3))

Z

And similarly the"y-deflectiosn®on the photoeconductor is,
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KA 3. %1 2
y = E— .By-<2 33)8 (B +By)...13(b)

where "ZT" is the distance betwesn the beginning
of the deflection magnetie fields region and
the photoconductor target, In 1" Vidicons it
is of the order of 8 - 10 cms.
"B," 1is the axial Focussing Magnetic Field
and nominally constant at some 40-50Gauss
('—!--5.10"3 Weber/mg)

" is the time-varying deflection magnetic
field in the"xdirection causing beam
deflection in the'x%direction.

B "™ is the magnetic field causing deflection

in the'yZdirection,

o5
e

These expressions are conpletely analogous to
the expression 40(a) and 9.24 above , for the "x*
and "y" deflection within the CRT. |

With Bx = KxIx and By = Kny s o s o« 9432

the current required to be fed into the deflection coils
is analogous to expression 9.26, 9.26(a).
Thus a current of the form

M (1 +(§ -}3— K 2){1)(%(%.1});‘\). ...9.33

x2 it K7Iy2)) e o o o o o o o 9-3‘3(3)

and 3 . 5 K
' N L s
Iy Iy(1 +(2 Bz’z Y)Ex +(Kx Ij)z‘]) e « o943k

/ 2 2 '
Iy \1 + K11 (IXZ + K7Iy )) e © o ©® » o ‘e 0903!'}(3)

—
-
I

Ix(1 + K, (1
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eliminates barrel distortion in the Vidicon.
Again noting the identity 9.2 9,the factor ,

u 2 i

12+ (K 1)°
X X y
X n ) 55 2%
is identical to the factor Ix'+ Ku'Iy used in CRT

deflection and defocussing expressions,

The block diagrem in Fig.125(b) shows the correction

implementation jin Vidicons.

The amplitudes of the expected distortion 1is as

follows ¢
The ratio of the corraection current to the

nominal coil.driving current at maximum deflection is from.

expression 9,33,
: n

5. 2 i z ]
3« A oK,\:d-IXlﬂax(l + (EY_II) )
2

3 z2 KxIx max

(Bxamp )2. ( 1+ (-)% n)lai

Z

|
ol

from expressions 9.29 and 9.8;

" 1

and as max 1S approximately equivalent to the maximun

X
37
deflection angle and of the order of": 7° or 0*12 rads,, the
ratio of peak Correction CGurrent to .peak PRamp Scanning
current is 0°+03% or 3<4%., With peak values of Vidicon S can-
ning Currents of 100-150 mA, the Correction Currents are 3-5
mA, These current magnitudes are such that direct
sunming of Scanning and Correction Currents @4t I C Op-amp.
injuts can be used,along with the output feeding the Vidicon
Deflection Coils directly,

2.5 COMMENTS

Both the Focussing and the Barrel or Pin-cushion
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Distortion Ciorraction in both the CRT and Vidicon, contain
the common correction current term,

e

This is not surprising as in both the Vidicon
and the CRT:

(i) Focussing and Deflection is implemented by
static or time varying magnetic fields which
in turn are generated by currents feeding into
the respective Focussing and Deflection Colls,

(ii) the corrections required are due to the electron
baams scanning finite display areas, and as a
result ,the electron beam lengths and beam
deflections are a function of the distance
betwearn some origin and the coordinates (x,y)
of the screen or photoconductor location where
the beam impacts., This distance is a function
of

" x2 + yg U

which is reflected in the expression

as y = K5;y and x = Kny (expression 9,8).
Since linear deflection coil driving currents are required
for both the CRT and the Vidicon,the function" 1x2+§11_g)2 "
czn be derived from the one set of staircase Ky

and ramp current generators, say those from the Vidicon
1. and V- current ramps., The variousDefocussi'ig and
Deflactinn Distortion correction garrents derived therefrom

are by alditional. Scalers, Adders gnd so on.
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The fact that the absolute wvalues of the CRL
and Vidicon H- and V- currents are different does not
matter, If the Horizontal and Vertical GRT .aflection
(x,y) are given by

=K I:
yc yc _')/—C . ° L3 - . - e L] . ° ] 09035
xc = Kxc'Ixc
where
“ch" is the V- deflection coil current

"Ixc“ is the H- deflection coil current

"y WK " gra constant
xe

n
yec ?
and similarly if the Horizontal and Vertical Vidicon
Deflection (x,y) are given by

y. =K .1

v yv yv

il e s 9.35(a)

x =K .1

v XV XV

and since at any instant, both CRT and Vidicon are in
synchronism, and the CRT is imaged onto the Vidicon target,
thet

= .V and X = X « © © 5 © e & -9.36

y \'4 C v

Cc

Now for the common term required in the CRT Defocussing
and P incushion Distortion Correction

2 2 [K 2 '
EXC + ch (R‘m) ] e o & o e 8 e @ 9037
XcC

Substituting from expression 9.35
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: 2 2
X y

= _g L4 1 +(_£) ) . @ . L] . L] L] e * L4 9'3 ( )
(KXC) ( xC 7 )

and substituting from the identities in expression 9.36
and 9.33(a).

1
b
<
°

9.37(b)

1l
=
T ——,
Lo}
X
S
+
’ |
g
<
?*E?%
=
<
N —
N
S

s 2
where K = izz)
Ko

showing that the required correction: terms in
both the CHT and the Vidicon differ only by a constant
scaling term’K&mplying only one generator is necessary
for the term in 9.3 7,derived say from the Vidicon He-
and V- scanning ramp currents,
‘Ihe'cross-product'terms

. IXE*QW- Koo (Iy)g]and I, E"Z + Koo --(Iy) ﬂ

can similarly be shown to be similar for both the CRT and
the Vidicon except for a constant scaling term,

The overall Defocussing and Deflection Correchion
System for both the CRT and the Vidicon is shown in Fig.127.

The above block circuits are only functional
arrangements for implementing the required corrections,
and serve to indicate the form of correction required and
the feasability thereof, The actual implementation of
tne lultipliers, Squarers etc. is with commercially
available I-Cs performing those functions, or on the other

hand,from suggested circuits derived for CRT Defocussing



and Dirstortion Correcticns reported in (303,308, 310, 311).

For the Vidicon the problem is much simpler
thar indicated in the above references 49 as lower currents
are present, imolying that the output from I-C Op-amps
can hbe used directly as the input to the coils,

The accuracy of comrzercially availzble I-C Squarers or
"h-quadrantbfultipliers"is in the order of 1-2%, Since
in the worst case, of distortion correction (for the
Vidicon) some 4% distortion need be corrected to about
0.2% or less, an accuracy of some Qﬁg ~ 5% is réquired,
which is met by the above circuits,

The figures given in the above examples to
calculate expected current amplitudes etc have been based
on the worst case, that is values correspondirg to the
cornars of the scanned area., In the actual case, for our
requirement, -these figures can be relaxed somewhat as the
active display azrea where correction need be implemented
ie emaller than the total scanned area. Thus the (x2+y<)
term is reduced with a consequent reduction in the peak
values of the correction currents,

0.6 SUMHARY

(1) The correction of distortion as described in
chapter 8 assumed that pincushion distortion or
barrel distortion were absent. This mzant that
the H-scan lines could have non-linear separat-
ion but should essentially be parallel over
the whole of the scanned area, or at least,
over the active display area, for both the CRT
and tne Vidicon,

458



(?2) Similarly the electron beams generating the
CRT display or scanning the Vidicon photo-
conductor should be sharply focussed over at
least the active display area.

(3) CRKRT and Vidicons,even with linear Scanning
Curr=nt Waveforms, suffer from pincushion or
barrel distortion.

(L) Simple expressions have been derived for the
major Defocussing and Scanned-area Distortion.
3ven though these expressions are based on
very simplifying assumptions, the form, if not
the "“exact" value of the coefficiants is
sufficiently corract to express the distortion
to the accuracy required for correction,

(5) From these expressions simple Correction
G.urrents can be derived from available Horizontal
and Vertical Scanning Currents,

(6) Common to allC orrectionCurrents is the most
"eomplex" of the correction terms required.
This term ) .

| (L% + K7.Iy‘)
is the reflection of the variation of the scanned
area coordinates from the centre of the scanned
area, which the electron beam must access, and
is indicative that Defocussing and Distortion is
a function of a scanned area position. A
function generator generating this term may be
made common to all the corrections in both the
Vidicon and the CRT.



(7)
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Some circuits to achieve these correction

have been reported (for CRTs) and for specific
applications, However the precise expressions
derived within this chapter (“precise" in the
sense that coefficiants are determinable) enable
coeffic iants to be determined analytically, and
ensure that the expressions can be used for all
CRTs and Vidicons and not merely specific
applications, Consequently commercially:
available I-C's performing 'squaring} 'multiply-
ing“etc may be used.

..l..l...L.‘.".‘



CHAPTER 10

“VIDIOGRAPHIC:
SYSTEM OVERVIEW AND CONCLUSIONS

10,1 INTRODUCERION

10.1.1. General Remarks

1

In the previous chaplters he feasability of
g

s of implement-

g
(@]
m
)

1
,b

. - - L} o
VIDIQGRAPHIC was establisned, suggest

ing its reguirements were given, The chapter followlng
this one contzins the description and rssults of selected

oL
~ R 0O D
{1

circuits and of obther experimental work required to imple-
ment “VIDIOGRAPHIC? Rather than leave the overview of the
feasability study and practicability of" vIDTCCRAPHIC until
after the sxperimental work has been described and thus
break the trend of thought, the general considerations,
overview, areas for improvement and conclusions will be
described now.

Particularly the general requirements for VIDIOGRAPHIC'as
an IGC with the objectives as stated in Chapter 3, together
with a comparison of how it meets the particular perform-
ance parameters of the Display, Graphics Input and Storage

Subsystems as given in Chapter 2,will also be given.

A breakdown of estimated costs of the system will
also be given to show that indeed ah economic solution to
6 R T— e
the real problem of a low cost IGC is present in"VIDIOGRAPHIC,

ind finally the area of applications and the

areas and room for future improvement and development will

be touched upon,
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16.1.2 "VIDIOGRAFHIC" Subsystems Not Treatad in Feasability

Study

Only the major or novel reguirements for
"YIDIOGRAPHIC' were developed in previous chapters, Other
obvious requirements and subsystems were not treated as
the technigues for implementing them are well known and
well develope

o

Specifically these are, in the main, the video
signal amplifying subsystem in boththe Vidicon and the °
CRT, consisting primarily of multistag video amplifiers,
The design and realization of these is no major problem;
moreover bhey are usually supnlied with the Vidicon camere

or the RCA Projection TV Recelver,

(1) For the Vidicon, the video amplifier is a 2.4
stage,capacitivly coupled, high input impedance
(50-100K9) amplifier, whose input is at the
photoconductor target output and whose output 1is
of some 1-2 V peak to peaky; this output is
Ppositive going", that 1s,0V represents "black"
or "no signal", while 1-2V is the bright disolay
Whighlight".

The gain is typically L0-60dB (a voltage gain of
100-1000) , and is peaked in the range of 3-5Mhz
to compensate for the "aperture affect” of the
Vidicon; the finite scanning beam-width decreases
the frequency response of the electro-optical
system, causing loss or degradation of fine
detail (312,313 ) Display locations spaced some
0-16us apart in time (i.e at 6Mhz) are "fine
detail®™ and hence the above form of "aperture

corraction” need be implemented, In Appendix 4.7.3,



(ii)

(iii)

(iv)

showing the equivalence of a stationary finite
electron Bbeam with that of a moving or "scanning"
beam, the effect of the finite aperture was
indicated,

The overall response of the aperture-~limited
response and the compensated video amplifier 1is
flat over the reguired frequency range.

For the CRT, the Video amplifier,{again of some
3-Lt stages with the same bandwidth as above but
no'aperture correction”being required), amplify the
1-2V Vidicon Video signal to some 30-50V(peak to
peak)to feed the control grid input. Most text-
books on TV Engineering (314, 315 ),or technical
data supplied with the TV reciever,describe these,

In both cases the reguirements for video
amplifiers can be relaxed somewhat over the
requirements for commercial TV receivers in the
sanse that only 2 luminance levels (3 for the
Vidicon) are present, and thus various "gamma"
correction circuits to compensate for or obtain
true picture grey-level reproduction, are not
requlired,

The Current Level Detectors "iL1" and "iL2" have
not been described, As the video output from the
Vidicon varies from OV (nominally) to about 1-2V
for a detected signal, a simple Schmitt Trigger
Detector may be used, to operate at the required
speed of > 6 Mhz.

In the Display Distortion Correction Circuits,
various Surmers, with single polarity inputs,and

also requiring inverting and non-inverting inputs



are reqguired. The voltages reguiring sumning

are of low levels (several volts), being correc-
tion voltages, then IfC Op-amps, of which there

is a large variety commerclally avallable (3]6317),
can ke directly used.

Other than the above points, the description in
previous chapters covered the operation and
suggested circuits for implementing VIDIOGRAPHIC

in comprehensive detail,

10.2, VIDIOGRAPHIC AS AN IGC

10,2.1 " VIDIGORAPHIC  Obiectives.
In section 3.1 the requirements of VIDIOGRAPHIC
as an IGC were stated as;:

(1) a Graphics Display Subsystem
(ii) a Graphics Information Input Subsystem for user-
specified graphics, capable of "pointability" to
displayed festures, using a pen or stylus.,
(iii) a Display Refresh Store to maintain the display
in a flicker-free mode.

These requirements are to be realized at the lowest cost
possible., Alphanumeric and CPU-~specified vector generation
are outsida the scope of this thesis, as these are readily
available commercially in many forms (see section 2.,3,3 -
2.3.5). Software support, including TV-mode formatting
from what is essentially random vector specification in the
CPU, to the TV raster display formatyand the CPU I/O‘inter—

face control, are also outside the scope of the thesis,

~ o, T ™ T e F e o it — > o L. 3 4o &
10.2.2. "VIDIOGRAFPHIC Implamentation of Objesctives
T

aking these stated aims point by point to see
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how they were implemented in VIDIOGRAPHIC:

LY

(i) the Display Subsysten is implemented with a
Projection CRT using Schmidt Cptics, based on the
commaercially available RCA Projection TV System,
The viewer sees the display on a screen

norinally of 18" x 24" size, but since only the

central scanned area is used, the effective

display area is 12" x 1h-4", Some of the remain-

ing veripheral ares may be used as a "light-button"

alphanuneric Keyboard and “cue" - keyboard., The

(ii) The Graphics Input Subsystem is facilitated by the
light~emitting pen which can directly input user-
aphics by pointing to the appropriate
location on the display screen., The input area
being identical to the display screen, "reglstra-
tion problems" are minimized, that is the problem
of locating graphic data correctly with respect
to some displayed arsa is minimized,
"Pointability"™ is provided simply by pointing the
light-emitting vpen at the desired locabtion and
enabling 'on"a simple switch on the pen which in
turn enables on some logic circuitry (the niLZH
Level Detector) changing the light pen from
"oraphics input® to Ypointability mode",

An alphanumeric Keyboard may be provided but
there is provision in the scanned area peripheral
area for a light-button Keyboard and "cue%Keyboara.
t

(iii) Display Refresh Storage is inherent in the system.
r

P

So lohg as the Vidicon and the CRT are aligned in



—

a 1:1 positional relationship an? the H. and V-
Correction Circuits are enabled, the display is
self-magintaining - i.e, ¥Display E
is present, The refr

25 frames/sec. (or 50 £ , which provides
a flicker-free display. R esh is independent

of the display information ntent, unlike with

the usual magnetic core refresh storage (sec.2. j.”)
The storage is enabled by two nrocesses

(i) the CRT W-Phosphor phDSOhDreSCeﬂCe. When a

CRT display location is generated (within a
"hbeam dwell Time 'd 0-1us"), ppreCLablp
display location luminance is still evident
up to 8-10ms after excitation, This inher-
ent delay in generating luminance ensures
that adequabte charge is stored on the Vidi-

1

con photoconductor target.

(ii) Charge storage on the Vidicon phototarget,

due to the CRT luminance. If the scanning
electron beam 1s not present such a stored
charge would remain for at lezast several
seconds. :
The actual transit time of information within the
optical and electric loop is negligible compared
‘with the above delays.

The refresh rate can be varied witn trade-
offs between refresh rates and the amount of
information being displayed (or stored) (sece
belows section 10.3.3.3). In this respect 1t is
similar to the "refresh rat%/informatlon capacity"
tradeoff in random-access memories with limited
read-out rates (section 2.5.2).
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n currently available displays.

applications where "precision grapghics" 1is

are possible.

More importantly, for our original applica-

H

tion of direct graphical solubtion of circuit-
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design-oroblems (particularly h non-linear
d accuracy
$01 e
tion is still high (much higher tnan
5% be tolers

practical cases of circult design).

nverall accuracy which may

Thus the fact that high display llinearity 1is

(a4
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well as in the Vidicon camera) means
s L“Lt

present (a
that not only is user-confidence increased,
the areas of applicabion of VIDIOGRAPHIC is
extended to "o

computing".

recision graphics" and “graphical
grar grap

The relatively passive nature of the"light-emitting

pen"(passive in the sense that no software support
is needed), allows the user-graphlcs input,at any
instant.to be independent of any system-timing or
this is that the

order of input. The reason for

pen,
the suggested light-emitting pen for the Plasma
panel Display (s=ze Appendix 4.5.2(14)) 1is not
based on pick-up of CRT,or "input pad", signals

unlike most other devices (excapt perhaps



(which require timing signals or software

support), but injects its own signals into the
system,to be stored on the photo-target, This
randomly inserted data is then
specified instants by the raste

Hence the input (as well as “pointability") is
asynchronous", and for that reason does not tie up the CPU

I/O Interface at imstants of user-input, but only during
the raster readout. Hence the CPU Interface interrupts are

minimized.

10.2.4, The Realization of VIDIOCIAPHIC'
The realization of'VIDIOGRAPHIC, with the above

Features,depend on the following requirements being metb:

(i) the Display Subsystem must supply adequate
luminance, via the Projection System, to present
to the viewer a screen brightness of some 10 ft-L,
that being adequate for vi=wing purposes,
Similarly some of this luminance need be directly
imaged in a 1:1 geometrical relabionship onto
the Vidicon photoconductor,

The most efficient means of achieving this
division of screen display luminance into two
functional parts is by Schmidt Reflective Mirror
Optics. The necessary system description and
calculations were given in Chapter 6, sections
6.3 - 6.5 , together with the viewing screen
requirements and characteristics,

For full viewing brightness (and to alizn
the input pen correctly), some movement of the

user's head may be necessary (see -Section 6.4.3.2).



(ii)

The resalization of graphics input and "point-

ability®, involves the inputting of luminous

enargy onto the Vidicon photoconductor at new

locations, their detection by the appropriate

Currant Level Detector, and the generation of

luminance at the corresponding CRT display

locations, Tnis requires:

(a)

(b)

(c)

(d)

the presence of a"light generating pen's
This is described in section 6.7.

the provision of a light source for the
light pen,with appropriabte spectral and
intensity characteristics compatable with.
the Vidicon and CRT requirements (as
regards their time response). The solution
is to tap some of the high intensity CRT
luminance near the display peripheral areas
via optic fibres,as described in section
6.6.7. To enable the display "erase"
function, the CRT light source 1is eminently
suitable,capable of being switched off at
nelectronic" Speeds - sese Section 6.6.5.
the general transient properties of CRT
phosphor luminance as regards luminance
buildup when new data is inserted, need be
investigated (see section 4,1),to see whether
newly inserted display data is detected at
the Vidicon phototarget on the first CRT
display cycle. This also applies to CPU
specified data.

Similarly the transient properties of the
Vidicon photoconductor, which are usuvally

stated to be "slow" in buildup of stored

charge, need be ilnvestigated to determine



(e)

whether new luminous incident information
generates adequate Vidicon output signal
to be detected and hence recirculated into
the display. This has bren done in section
4.3 and 4ppendix 10.

The Vidicon response to the particular
CRT phosphor luminance spectrum is reguired,
as this differs from the spectrum of the )
light source for.-which manufackturers! dats

is usvally given, The effects of this
difference and the required modification

has been given in Appendix A4.3.2.

The signal outpub of the Vidicon (as distinct
from the charge buildup mechanism of photo-
conduction) requires examination due to it
being usually accepted that incomplete

signal erasure on scanhning occurs, with
unwanted signals at subseguent frames,
Particularly for the “erase" functions, these

remanent signals need be minimized. Chapter 5

describes the nature of the beam sighal read-
out problem and examines 1n Some detail the
expected output signal degradation.

The presence of Signal Current Level
Detactors ensure that any such signal vari-

ations is not a problem.

(iii) For Display Refresh Storage to be feasible, two

requirements are necessary:

(2)

adequate CRT luminance to be generated and
imaged onto, and detected at, the Vidicon
photoconductor, The reguirement for this 1is
very similar as for the newly inserted user-



(iv)

graphics data,in that
written-in at each Iframe tim
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(i

to a term of the form ”Ii + KI;&;
"IX“ and “I " are the H-and V-scannlng
current wavazoLms, This term 1S common

for the Vidicon, the CRTyand for both pin-
cushion and barrel distortion and for
focussing corrsctions,

(¢) The remanent distortion requiring to be

ct
@)

aliminated nezsds firstly to ke mzasured
a high degree of accuracy and preclilsion
(better than 0¢1%) using Moire Pattern
Methods (sees sppendix 11). The resulbting
Distortion Information thus obtained is

expressed in the form

HJ

"Bistortion Maps"
with appropriate diStortion contours drawn,
which are "“"time compressed" and located in
the appropriate area of the CRT scanned area.
For V- Correction, only one vertical correc-
tion line is required for the CRT and one
correction line for the Vidicon.
The form and irmplementation for this
Graphic Information Storage is.given in
Chapter 7, sections 7.4, - 7.5.

(d) In Chapter 8 are desc & g
meanhs of decoding this Correction Info
from the Graphicsl Storage and generating
the correction voltages and currents, to
result in a linesr CRT displsy and linear
Vidicon scanning.

(iv) Video amplifiers and video signal Level Detecting
Circuits, are required, but have not peing mention-
ed in any detail as the techniques for realizing
them are well known and orovide no difficulties.
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Thus all of the necessary reguirements fo
determining the feasability and realizstion of VIDICG HAPFI”
ha

[0}
=]

b

<
@

]

an given end proved.
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5.5 Physical Implementstion of VINIOGRAPHIC"

10.2.5.1 Reguired Subsvshtems

The major hardware requirements for' VIDIOGRAPHIC'
are:

(i) A commerciasl Projection TV-reciever with a 5"
Projection CRT with a 3" x 4" scanned ares, and
a Rear-projection.Screen (with a Fresnel Lens)
of size 18" x 2hv,
The RCA Projection TV syster fits the above
reguirements. The CRT phospghor is to be "W"
phosphor or else a "P-4" phosphor with nersistance

s

characteristics similar to ¥ phosphor

(ii) £ 1" Viéicon Camera (or only z Vidicon tube with
Deflecting and Focussing Subsystems) with a
Class II photoconductor, with photocurrent time
constants given by expression 4,16. RCA Vidicons
72624, 85074, 85734 are quite adeguate from this

iewpoint,

(iii) The control logic and timing ic implemented from
RTL and TTL Logic (318,319 )ywhile the analog or
hybrid circuits (Summers, Differential Amps etc.)
are implemented with commercial I/Cs. Power
supplies of some +4V (for the logic) and +15V and
~15V for the analog I/C circuits are also required.

10.2.5.2 Ooerating Characteristics

For optimum operating values, from the viewpoint

-0 .
rated,and"spurious -

q
()
M

L4

of adequate signal levels beling
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steady state signal oubtput current level of > O0<h5uid (the
maximum output signal toleratad is usually guoted as C<55uUk

1)
o]
)

The resulbant current signals gs a result of

p01nt 1bility", are due to 2 luminance of approximately twice

current o u 2 e
output signal occurs for relatively short time instants and
! Hot 0 r

does not

To obtain the steady state value of Vidicon output
current of 0-45 ui, and for adequate viewer screen lumihance

of about 10ft-L, the CRT screen luminance must be of tThe
order of "BAV > 350 ft-L", and the Vidicon Camera Lens
setting is to Be at the "F-number® setbting of "2.8"(section
6.3.6)., The "Fanumber® also satisfies the depth-of-field

L

e
reguirements, as the CRT screen is non=plansr (Appendix
A8.3.4) .

At the CRT screen peripheral areas, where the
1

light pen illuminating source is located, the CRT luminance

" . Lot i .

is set at the maximum of about B = 1500ft-L (section
AV max

6.6.6.3).

From the "Overall CRT Luminance Transfer Curve",
as in Fig.4.9.1(b), the video input at the CRT control grid
is of the order of 30V for the reqguired display-signals
and about 60V for the peripheral area luminance.

The complete system block diagram for VIDIOGRAPHIC
is shown in #ig.129,
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10 .5 rLDi.(.u L PHIC PIRFOZLANCE

10,.%.1 Introduction

An objective evaluetion of the ootential \
~ ) AN e ,
performance and paJ*l ties of JLUICG¢LPUIC calr te made
by comparing its performance figures with the performance

exbension of the Display :
Input Subsystem are thus nearly identi

of the Lisplay.

10.,3.2. Display Porametars

10321 Resgplubtion

The spot size on a 3" x 4" scanned area of a
625-1line system, when projacted on a 18" x 2b" serean is
.0:03" x 0«03". This is somewhat larger than typical CRT

spot sizes which are in the range of 0+015= L0-02".

10.%,2.,2, Addressebility
The feasability study was based on a 200 x 200

point grid display beingz feasible. The addrecsapility is
thus 1 in 200yo0r aporo <imately 8-bits coordinate address-

ability for cach"x"and'y coordinate. THis is appreciably

lower than curr“nt dlaplavc of 10-bits coordinate address-
ability for each'x"and’ 'v" coordinate (102H x 1024 point gzrid
dieplav). For our application of a "eomnuting graphic pad”
the 200 x 200 addressability is,however,very ac lequate.
Tradenffe betwesan the spead of scahfilnz ahd thne
number of Scan lines per frame is possible, so long as a



CRT phosphor

is made,

result with a corrzsponding increase in addressabl

1
An increase in the number of Distortion Lines in the

-

A greater number of dlsplay locatlions w:

Distertion Corr=ction Information HMap will result,with a

corresponding increase in complexity of Corrzction Circuit

These tradenffs must be taken into account,

10,3%.0.%. orighthecss

The Viewer-scresh lumihance can be varied over

a large range. The CRT can supply a peak luminence of

. N it .
"B,,x 1500 ft-L, whereas for a viewer screen brighthess of

AV

", N L . : .
some 10ft-L,ea BpV > 350f't-L 1s gll tnat is required,

Hence up to 40Lt-L viewer screen luminanhce 1s available,

This is usvally too bright for a user observing a screen

some 20 -

2L auay.

For a higher luminance the Vidicon Lens must be

appropriately "“stopped down" to a new "F-number",.

The expression for the F-number can be easily

shown to be given by

as for a required F-number of .F = 2-8, a "B,," of about
10 ft-L results on the screen.

10.%.2.4 Contrast

Contrast is required to be high for Vidicon

considerations (otherwise spuriosus signals present in

frames times just after “erasure" may be generatad). The

CRT control grid need thus be biased at, or near, cuboffl

decay characteristic to compensate for flicker
0!



(see Fig.A.9.1(b)). Contrast greater than 30-40:1 is
easily obtzined. This is more than adeguate,and compares
more than favourasbly witn existing displays (e.z. a DVST
has a contrast of the order of 6:1).

The presence of stray or direct
display will degrede conbrast only &s far
concerned, but does not affect the coutrast of the incid

illumination on the Vidicon photoconductor.

better than O+
full order higher than in exisning ”gaod aqual
It arices from the inherent linearity required ©
maintenance of a2 steady display.

O

1903, Rapeatability

U) D

imilarly repeatability 1s excellent, belng of
the same orde

84}

s linearity.

-

Jitber is eliminated as each displav 1o
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c—t‘
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in
H
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&
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o
ct
m
[eF

each frame time hack in its nominal locatl

O
)
o

10.%.2,7 Display Response Time

@ach location in a display frame is accessed
every 4Oms, On the average the access time to anv given
point at any insient is half the frame time, or 20ms.
then is the average access time for user-input grar
For the CRT, since no interlaced fields are used ( ie. both
fields superimposed), then for CPU inserted data, the worst.
cace access time is 20ms, with 10ms belng an averag
Thus the worst case Response Time for a user-indicated

display location for processing is,



Wprst caSD User Tasub Time + W

orst Case CPU-insertad
CRr.Re%oan Time + CPU Procezssing ‘l‘ime‘l
= 63ms + CPU Processing Time
For psoints reguiring CPU processing which are
not previously frame tiwmes are rveguired to

\ o
he CFU (section 6,7,1(5)). Hence the

"

Processing Time,

O
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The size of thes diSplay ie the "active dlsplay
: _
nerinheral zreas

for light-pbutton alphanumeric keyboards
bringing the screen size arsa to 18" x 2@“. This i
same order or Ssligh r

(16" x 16" being the le

The layoukt is as in most IGCs. In a commercial
is usually vertical and at

TV Projection Urit, the Screen
S

eye level. It can be tilted slightly off ths vaertical 2s
reqguired by tilting the plene reflecting mirror (see Fig.
83(b)) by half the angle of the screen angle off vertical.

10.3%.2.9 Readability
Character readability depends on the methods of
gen harscters (section 2.5 ), the display

r

d addressability, and onh any defogussing

effects on the displa
g

In'VIDIOGRAPHIC, the

£g

screet,

wn

ot size, being about C-0O3"

}_)

n
[oF
[ .

play €p
7 [0 07", with every alternate line blank (as 2 raster lines

a
are sssociated with each display location), would result in
E i ® N
a charachbaer formed on a distinct dot structure (gs say in
r matrix, each characfer woula

Fiz.25). For a 5 x 7 characte
Z
-

be O~

-f

?
Mox 0elM in size, which is easily legible. dwe S0 its silze.
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perhaps wi
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Jidicons,and

siznal le

[Sohe

may be po

o

lumingnce

Vidicon,

10.3.2,11 Tlard Co

'v

cam Splither"btetween

vicwar ccraen to extract

a arv-coplﬂf "1 1age targe

an

viewer Sscreen-luminanca can

Tuw

CRT screan luninance (which
above).

This schene
tachniques in IGCs reguiring

viewer CRT, to obtain

4]

is much simpler

Separate

[

k3
(D

m

separation (effective-
f characters canh e
-%0 characters/line,

chers would

Tn

J—\a,
7 owith

althougn

high guality

intermedia

)

h

b,

y inserbing a
Schmidt Optlics
and image

in

than the current

CRT ¢

~

the object image for tne copier,

in addition to the



PERFORMANCE PARARETERS OF VIDIGGRAPRIC

fﬁm%wv‘z’ e e T B e o e e eSS e e

TAB

DISPLAY CHARACTERISTICS E

LE 4

L

GRAPHIC INPUT

i
L3

b CHARACTERISTICS ,
PARAMETER |~ = -1
! [ TYPICAL | VIDIOGRAPHIC.  TYPICAL | VIDIOGRAPHIC -
SRS -
' RESOLUTION R b
OR 0-01520.020]  C.03" G0t 0:03"  §
{ SPOT Si7E Diametar? Diasmetar Diameter §
i_'
 ADDRESSABILITY | 1024x1024 | 200x200 | 1024% 1024} 200x200 %
N 10 ft=L § - T\
BRIGHTNESS | 10-20T6-L|  Typical [ S A\\ \ \ \ \
(40ft-LMax) '\ \ S\ 4
: A \ % \\\\
6 - 10 30-40 ¢ ™ kN N
CONTRAST typieal A\ O\ \\._ )
B . e AL
GEOMETRICAL | | : 3
‘ 1 - 2% 0% 01 = 1% | 0-2%
LINEARITY
1 o7 ~ o
! REPEATABILITY | 0-1-0-2% | < 0-1% 0-1-0+5% | <L 0-1%
l .
[ s
1 } “C”,S rian
DISPLAY 10-100 US. 20 e TYP. 118 40-501S
RESPONSE (+CPU m
TIME Precessing Typleal
_ b ‘I‘ime) E
a P2hx bl W 12" '
101 L AW AVH e~ 1 X X 144 -‘:
DISPLAY SIZE 10x10" | (e qopf 107 %10 Q%0 0T
HALFTONES | COLOUR \\\ N\ \‘\\\ F
AND COLOUR | PCSSIELE \\\\ -
- cAPABILITY | & SRR s i1 T
i CONCHIC, | GRAPHIOS
1 PADS,




(b)

(c)

(e)

As an attention-getting device, "olink can be
implemented within tne light-butbton keyboard

and cue~board area. However witnin the active

isplay area, blink implies an altesrnating absense
of luminahce and as a result non-refresh conditions

would exist j conseguently blink cannot be
implemented in the active display area,

At best, "flicker" rather than "blink"™ is possible
with the luminance varying between the normal
steady state display .location luminance (say 10f£t-L)

and some higher value (up to LOft-L).

- t‘
m

Yarichle Brightn

35.

| N va Y
The comments regserding "blink"™ znd halftones

(see section 10.%2.2.10 above) apply here,

Vector TLine Forms

"Broken, "dotted) "thick vector" etc forms
of vector representation on the display are all
possibkle,

wn

M

Variabla Character Siz
e

Variable character sizes are possible,

Ontical Subzernosifbion

Atboam adder"( & sami-silvered mirror) inserted

betwean the Schmidt Optics and the viswer screen,
can be used to superimpese an sxternally geher-
ated fixed display (e.g. map -grids, grid axis

etc) onto the viewing screesn. Its luminance nust
be such that the fraction of luzninous flux back-
projected into the Schmidt Optics does nol gener-
ate spurious signals (this is easily complied with).

The above parameters and performance figures are

e
tabulated and compared with typical IGC paramebers in Tablel
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nd luminance is derived from the CiT screen., The inpub
area 1s the dlsplaj secraen itself. The mechanics of user-
éata incertion into the CRT-Vidicon loop is identical ©0
the wri vele of the eirculating display infor-
mation in the CRT - Vidicon - loop.
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£ 0-03%", This is Lo overcome tihe
ing @ 0+¢03" diameter spot wi
ssot. As two rasber lines (
0-04" in width) are associated with each locatlon, with 2
sath of 0«07" (14-U" = 200), such a large

i
) . - ™ son Bais
input spot size 18 necessSary, particularly as a u ha

ﬂ
P

horizontal w

. 4 AR
not the same constancy of input as the fixed,imagec CRT

I

display locations.

J s e 1", nate
baing 1 in 200, Oof and "y oordl .
This is lower than

devices.



repeatability exist.

10.%.%.6  Inout Response Time

This is identical "to that mentioned for the Di splay
Response Time, being, at worst case, egual to LCms for
graphics input or erase, and 80ms (two frame timss),
indicating processing at display locatione not previousky

displayed.

10,3.%.7 Inoub ires Siza .

Agzain this is identieal to the dis

lay area size
», [

ol

with an area 12" x 1h<4" for interactive graphics input,
and peripheral areas for light-button alphanume

n
and"cue-board,

10,3%,3.8 Hard-Cony Capability

The pen being light emitting, no objects can

be inserted betwesn the pen and the screen, ifance lnputting,

say by tracing from a “hard copy", 1s precluded.

10.3.%2.,9 Canzral Inout Subsystam Considerations
5

In addition factors such as"ease of use", “economy
in use" and Ycapital outlay", "input display compatability®
which were enumerated in section 2.4,2, must be considered,

Taking these requirements in section 2.4.2, poiht by point:

(i) “Naturalness of usg"

The ligh% pen 1s handled as any other pen device,



(ii)

(iii)

(iv)

(v)

(iv)

having similar physical dimensions. It has
o YWstabus lightsh one ®

o )
which switeh ong,indicating to the user whether
cat

and whether dava inpub=-
icating,is being perform-

ha pen determines the

[Ral)

o
o
The Penand Input Su

compatible with the Display fr

No proklem of interfscin

Subsystem exists, Ind
u

e

that no CPU ;/o interupts are generated during
graphics inpub or display locatlon erasure. Lhe
CPU is accessed only when CPU processing of
display features or single display locabtions is

No additisnal software is necessary for the Inpub
Subsystem. Disg nssrtad 1in

-

Geometric accuracy in data positioning of pub

in
rtainly much higher then in most existing

- 7

ce
nalog input devices, bubt primarily depends on
positioning accuracy of the user,

Cap.ital outlay for the Input Subsystam 18 negli-
cible (less then $50!) as only the cost of optic



(i) the Display Refresh St
(ii) +the Distortion Corrzct
1 e

which mskes disp

10.3.4,1  Displey Rafresh Storace
Ths Display Relrs

T
in the commoenly implemented refresh s torage nethods

present ICGCs.

For ezample, in Magnetl 0
"write~in'of display graphics information is made snce
when the graphics informati S i ds diSQLay re-
frash information is obktain quential"non-gestruc-

o
. L . L. i ;
tive readout’ of this storad informa nly waen new

;

i On
updabed graghics information is specified are maznetic
i n

coras erased- and hew information wr

In Delay-line or Cyclic Storage Refresh, "storage”

is provided by recirculating the graphics information

L

through gach frame tine

a d
(or display  refresh i he same display location
1

7 i
is prasented for display- refresh ourposes., NO frus

[

Wstors

"o " . .
In" VIDIOGRAPHIC, on the other hand, the display-
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ing in a charge being

&
ing Vidicon scanned araa locabion, This generating and
storing process of the charge itself occurs during the wnole
of the frame time. Writing-in znd storage of display infor-
matish is thus done concurrsntly.

a
luminance is negl ( o)
" of the cycle ) nd when the nhoto

nine beam sccacgses that locabtion, resstoring the charge and
bringing the surfsce potential of that iocabion back to its
“stobilized potential :AVS%“, which is near OV (the cathede
potantizl)., This charge restoration generates the Video
signal, wnich then 1s outpus from the Vidicon and circulates,
with neglizible delzys by the Melectric Lloop" into the CRY,

"iIg“ BEl6,T T generate on thz CRT scrazn,
| - ;
the came displsy location, The delays within the elechric
loop, are tne “iL1“ deleys, the transit tims between the
Vidicon and C2T,and any corrsctive pulse delays necessary
t0 rglocate correctly the display location. AT most these



total delavs are in the order of sevaral 120ns,.

If no scahning besm would read-out
charge on the Vidicon photoharget, charze storags

be presant for several seconds at least.

e or Ydalay® in the Display

(iii) and in the storage of charge,duec to ©
COﬂdUCthQ/l sulating nature o
ductor having negligible stored charg

9}

orage to a Cycllc Store is thus not in Lths na
storage process itself, but in tnat storaed info
@ 1

The capacity of this "Refresh Storage
i
to 200 x 20 ' 1pcsbions, Since eaci 1oc

ayac
0 = L, 10 5 c c
ssspciated with 2 8-bit-coordinate informatio
Byt gng *y® coordi_ate, then because graphics
data can be input randomly, tae sto

considersd £o be eguivalent to 6°4,10

However, silnce formabting is inherant
raster scan, then for reading out or display pur
f readout is predetermined; then from Ghi

the storage capacity is of the order of 4.1C
=) -

)
=
o
I'D_
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Rt

is Ytpue" fixed-storare in a graphic form (Yhard cooyh

erephics storage). The process of reading-in is still

essentially the same as above, The Distortion Correction

Lines seribed on a black film, are "back-illuminsbted"
u

1§
by a2 consbant CRT screen 1
this Distortion Iaformatio s
resulting visible Distortion Corr
onto the Vidicon phototarget,
charze storage process, and scanning seam re adout peing as
shove,

4s the Distortion Information is located in the
relatively peripheral areas of the CRT scanning arsa, the
possibility of non-constant slgnal putnut currente ete

exigts., The CRT screen luminznce can Le incre ased Lo ensure

¢

adequate outpubt signal.

) The ampunt of Distortiosn Information is epnacific-
ally for a 200 x 200 point grid; in the best case, with
_distortion being monobtonically incressing or decreasing,
only 1 bit is necessary %o Specify the corr:ctlion at each
locstion (to specify wnethﬂw the correction is Lo be .
incramented or not by 2"Distortion Corrcetion Incremen@).
This ic = valid arzuvement for the Verbical Coordinate

Corrzction for both the CIT and
Vidicon Hecorrection, However for ths C2T H-

!
where correction is continuously verying at different
I

i
~ o 1n Fe L_hdta 5 b= ~NnrAdinatra ma ha ca RN T
rates, up to M-bite par H-clordinste may Ce assoclaved with

?
each corrzction.
Thus ths capascity of the Distortion Correction Informaftion
Storage 1s at lezst,



(N x IR N¢ 1 + 1) hits (for the Vidicon)
i - v iy E .
Hecorrechion Vecorrection
+ (Mg % T L + 1 ) hits (for tha CRT).
B L" (4 aFal ~ 3
Hocoprrection Vecorrsction
. = - Ly
ie. 2 tobal of some 248,107 bits(as N, x N, = 200x-200 = 4.1
I ¥

g g & n

ke tentabive at best,as the system has not yet been B
a 1

i

However most of individual subcircuits have Been bul

tested (Chapter #1)znd thus sn estimats of thneir cost 1is
possible. The nuaber of zach of sueh circuits 1s knowh

for each subsyshbem from Chapber 8-9, The required logic can

o
also be costed, as can als
c

Labour, packaging, testing, Moire Patteran testing

etc are not costed, nor is the reh work., The
9

-

o i
following Sentative costing is based only on hardwere conpo-

nent cost,

O PONSNT COST (Dollars)

R-5 Ff/F, J-K F/F Zach § 1
AND gates, OR gate Zach  § 05
ne gt Cauatef, nos 8% Decoder gach §$ 3
Shift Register Stage (on average) Zach $ 5
Voltage Controlled iionostable Jach &% 2
Voltage Controlled Asbable Zach § 2
Leading 3dge Indicator Zach $ 1
Pulse Integrator Zach ¥ -



High Impedance puffer (I/C) Zach § 6
Constant Stabilized Level Circuit  Zaca § 2
Discharge Circuit (FZT) Zach § 3
Surmear (I/C) Bach $12
Analog Saguare /JuIL : (I/”) Bach #$ 20
Current Amplifier Zach $ 10
The "VIDIOGRAPHICY system is cosbed as follows:
UUDSE(_ uiZII CoSt
RCA PROJSCTIION TV URIT $ LoO

(includes Schmidt Optics, Projection
CRT, Deflection Units, Video Ampli-
fiers etc).

VIDICON TV CAMBRA

(includes Vidicon,. Deflection unit,
Focussing uﬁlo,fldea amplifiers
Power Supplies and Vidicon Leﬂsi

ARG

LIGHT PN
(40O CROFON Fibres,6f
polishing, bLondil 2
pen casing).

t 1n lengthy
ents, lenses,

—
0o
b}
o

§ 20

$ 20

$ Lo

suBTOTAL $ 870

=



caT ¥

-CO2RBCTION CISCUIT

(5 7/
Pulse
Circu

VIDIC

-

Fs, AND-gates, 2 S
Integrator, Dischar
it ete).

ummers,
ge

ON V-CCRRICTICH CIRCUIT

(Simi
Circu

VIDIC

lar as for CRT Correction
it).

O H-CCRRZCTION CIRCUIT
g

(20 z—ND-EDtek 1 mfFs, 1u23"
Counter, 7 Pul se Integretors,

7 Diqchcrvo Circuits, 7 Buffers,
7 Constant Level Circuits,

7 Voltags Coutroll d Monostables
5 Shift Registzr Stages ete).
C3T H-CORRACTION CIRCUIT

(2+8" Counters and Decoders, 23
Pulse Integrators, 23 Constant L
Circuits,-23 Discharge Clircuits,
8 3-bit Registers, 8 Voltage
Contr Monostables/isthatles,
o5 m/& D-gates, 15 OR-gat
5 Shi er Stages).

(e g
L‘J!T‘!
CHC2
Clic!

mT “IT\TG "D Lo(w TC -

Source, 200 AND OR gates,
S)
SUBTOTAL CARRIED OVER

ki U‘“

TCTAL

£y
<

[

{{5]
w0

!—l

$ Lo

$ 150

£
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this high resalution (322).

The major apnroach to octain these high
scan line counbts has bszen Lo mduce tnz frame
scanning frequency to a 1 OHz,

thus not r=zguirinz any wh

dispWav, un

1 c
deflection coil dssign. For & flicker-free
hzse condit

S

Trhe lovier scanning rate ensure

" - =) Q
dwell time in the Vidicon is still adeguate to
ensure complebe charge discharge,with negligitle

unwanbed current signals in subsequent frame
times,

Alternatively sSome ccligmas usa e
deflection (which is inher

e
electromagnetic deflection) with a
s atc

- corrasponding
redesizn of focussing coils etc. Scan rates per
vefore, but element and line

frame ars 25Hz as

scan intervals are much shorter.
For Projection CRTs the former scneme must

be used as high current beams are impractical

with electrostatic deflection due to defocussing

effedtsy such beazms are necessary for high lusinahce.

ressability, the rsmanent

~

"CJ
3
4]
mn
(8]
I_l

ne Distortion Correcbl

tion must be specified more precisely., A sepsarate

Vidicon may be resguired to scan adeguately sucah



(iii)

£
O
N

higher precision Distortion Information

(section 7.5.8).

Anothar major arzg for future development has

been mentioned in section 10,3.2.10; that is

the ppossitcility of colour dispglavs, with separ-

ate colours, such as'red" "blue'yellow"being
permitted only.

P-1 (green-yasllow), P-18

as P
ed-orange) have very similar
st

(white) a r

persistance charascteristics ( 324 ) and are thus

compatable with each other as far as Display

Refresh reguirements go, Howaver Vidicon photo-
r response to thes

different spectruns
io

. il
A major subsystenm of"VIDIOGRAPHIC is the Projec-
1 path

(the "optical loop segment") being present,by

tion Optics which result in an optica

which CRT screen displays are projected on tie
viewing screzn, This Yoptical path" can bte
“oroken into", or else information can be extrac-

ac
ted therefrom, by "“beam splitters" or "beam adders"

(for their action sae Fig.82).
[

(a) With a besm addsr. "“ophtical sunerpasition®

of complex zranhics data can te made onto

oy,

the active display arsza, The superimposed

graphics can be coordinate axis, drawing
plans, etc., Perhaps a simple device sucih as
an Wepidiascope" (an "opaque" projector),
could be used as the projector for super-

position, projecting user-specifiead drav-



£’
O
xr-

3

ings, transfer curves, device character-
istics etc. onto the viewing screean,which
then can te “Lraced' over hy the user light
peh and be inserted into 'the CRT-Vidicon
loop as normal iqmut data. This would get
over the proble: ‘of lack of data input from

Yhard-cooy'".

3\ ol : ) 5 5 ) .
(b) With a beam solitter, adequabts luminous

energy could bz extracted

o)
a simple "“hard-cony geanerato

ohotographic plate or sensitive image plate
of & dry-copiler,thus enabling nard-copy

output. Such a scheme would overcome the

costly and cumbersons existing methods of
"hard-copiers'which often require the use of
sacondary small CRTs or DVSTs in parallel

o)
with the primary display CRT.

The above are but a few of the promising areas
‘of improvements which can be researched after the basic

system has been implemented.

10.6 GENERAL COMMERTS AND CONCLUSIONS
4n Interactive Graphics Console "VIDICGRAPHICY,

based on novel principles,hnhas been proposed and its feas-
ibility examined in detail, The conclusions are that 1ts
practicability has been established and that its mzets,

.

d requirements of an IGC in providing

[6p]
ct
b
D

very readily, the a
a Display Subsystem and a Graphics Input and Display
Interaction Subsystem. It can te implemented for a cost

of around § 3-L4000.

- . .’ . T 1 1
Thus a solution to the original problem stated by
Sutherland and quoted in the Preface,that the foremost



problem in Man-Computer Graphics 1s the need for a "low
cost display dasvice,suibable for on-line graphlcel use",

has been given,

Primarily this Thesis has concerned itselrl with
developing the princicles of this naw IGC and showing in
detail its feasibility and the suggested implementation by

io

calculations and proposed circuits.

L

Its physical realization has not Been attempted in full due

to two main reasons.

(1) a full working system is beyond the physical
means of one person, during the time allocated

for g Thasis of this nature,

(2) +the lack of funds.
This work then must be left to others,

However, the studies reported within this Thesis
show that a very promising solution to the problem of a
low cost Interactive Graphics Console is present in
"YIDIOGRAPHIC!,

To conclude, the advantages of "YIDIOGRAPHIC" will

be again briefly mentioned.

Despite the disadvantages of the relatively coarse
pesolution and the need of formatting from the relatively
random vector spscification within the CPU to the raster-
scan formatting for display purposes, the following features
sre whab make "VIDIOGRAPHIC"™ so attractive:

(i) The use of existing hardware for the Subsystems

ensure that the tobtal cost is in the vicinity of
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PART 3
EXPERIMENTAL WORK

CHAPTER 11

EXPERIMENTAL WORK AND SELECTED CIRCUITS

11.1  INTRODUCTION

11.1.1 General Remarks

The task reported in this tnesis was to investi-
gate the feasability of an economic IGC, of ﬁecessity
based on new principles, and to realize the IGC physically.
The feacapility of this has been shown in the previous
chapters and the appendices following., The physical reali-
zation however takes more time and unfortunately reguires
funds, neither of wnich were avallable in any quantity
after the fzasapility study was completed. A fixed amourt
of time is acssociated witn Ph.D studies leaving two alter-

native approaches open:

(i) eifher the complete"VIDIOGRAPHIC" system is
investigated and descriced fully,
or (1ii) some aspect of it is explored exhaustively

i

atid described in detail,

Since"VIDIOGRAPHIC"is a completely new system,
clearly the former approach was the one to be considered,
there being little point in a detailed description and

physical realization of a part of a new untried system.
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Very limited funds made the requirements of an

economic IGC GLhe major objective; hence only limited

&

sle to have been purchased wiile other

l_l.

a
<

guipment was

w

ab
equipment had to be borrowed, Thus economics and avail-

by

a
&bility ol equipment, rather than suitabllity, were the

deciding factors in che chioice, purchase, and construc-
r

AS in the Teasability study, experimental work
can be carried out in two distinct areas:

(i) experimental work to generate a visible
display for the user and to generate
adequate signal to mailntain the display.
This involves the measurement of CrRT lunin-
ance and persistance measurement of display
element dimensions, and of photocurrent
puildup and decay etc.

o

(ii) +the realization of distor

1.

tion correction
circuits for the H- and V- deflection
circuits for both the CRT and the Vidicon

¢
camera to result in a steady display.

For reasons made clear below, most of tne experi-

mental work was concentbrated on (ii) above.

Much of the system feasability was validabed by
referring to existing data, to reported results in the
technical literabure, and occassionally to existing

S

commercial subsystems; tnis is particularly true for ex-

e

perimental work in (i) above. or example the verifica

tion of photocurrent rise and decay btime constants was from

-

figures available in zanufacburers' data. Since the prime

fes]
[t

aim is to propose and validate "VIDIOGHAPHIC, it should not
rive

matter how thnese M"valid" results are ar: ed at.
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Under the conditions of limited funds and limited time,
carry oubt or repeat
T

2ple in the

i
it would ke doubly superilous to
experiments, the results o

s

2
literature, Iioreover tnss ilaile resulbs provide
re

ke or any derived

gulpmant

Whatever equipment was purchassd pr hardware builtl
was governed by the very limited funds availacle.
Consequently only onhe subsystem was purchased, namely a

i

‘r“('r

transistorized Vidicon casera ( a SORY CVC-100 TV Caiera
(326)), the choice belng solely Dbased on the fact that it
D

was the cheavest on tha markat (4310(4), Nov.1967).

The other major subsysbem, the TV scan-mode CRIT
was a P/3 TV Studio lonitor (Types 2738CG Monitor (325)),
of 1955 vintage, on loan from W.R.,3I, Salisbury, S.4, by

kind oerm1vpion of the Uirector, The reason for this
ctioice was availability at no cost and, being a studio-
guality mouitor, 1ts freguency respornse and display
linearity were bebter than in currently availacls TV
recelvers or 1TV caxera monitors, 1ts disadvantages nowever
wers valve construction, and, being on loan, Lhe possi-

bility and even necessity of rebuilding certaln subsystems

such as deflectiosn circuibs Lo incorporate display linear-
ity correction circuits, were greatly limited.

“he third major subsystem requirad, the Schmidt

o)

TV-Projection Sysbtem, was not available for two reasons:

(D
I
|_|.
3
[{¥]

(i) Projection IV was out of vozue by th

TV was introduced in Australla-

ncae
sets of this type exist in Australia (al-
i

P

though they are still availlable froin di
stores in tne USA).



s
e r tris, only a
standard-sized ChAl s

(another reason for obbtaining the 14" FiE
Studio monitor). When the Schmidb Optical
System was found to ke more suited, the

remaining time available was inadequate 5]

[l

find and obtain a complete #C4 domestic IV

Projection receiver,

Of the test equiosment available, the usual lab.
oscilloscopes, oscillabors, counters and other measuring
instrunents wera asvailable. However pnotometric equipment
was unavailapble even from the Physics Dept. at the Uni-
versity. Cost, and the limited use of it after this
particular application, precludeq the purchase of such
equipment. ieasurements of CRI luminance, perslstance,

CRT spot sizes etc were thus not carried out, Manufacturers'

data and published data had to be relled on.

The same considerations applied to any nardware
which had to be built. For any logic which was reguired,
Fairchild XIL I/Cs(318) had to be used, 1t belng readlly

available within the Electrical Bngineering Dept., wnile
for any linear circuits such as the Voltage-contralled
monostables or astables etc, discrete element circuits hnad
to be designed, as whatever I/C circuits available, per-
forming the same functions (316), were considered too
expensive, ©Similarly, although high linearity raster-

scanhed displays are comnercially available (eg. 290), and

even linear deflection subpassemtliss and pincusnion
correction subassemblies (311) too, again, due to cost

considerations, discrete component circuits performing



thege functione had to ke designed.
formatice of these circuits are as good or
commarcially available ones; cost certainly is more
favouratlie,.

Summarizing then, the availatle hardware and
equipment was:

(i) a purchased cheap transistorized TV camera

working on a 6295-lines, 50Hz mode.
(ii) on loan, a 14" valve TV monitor working on

a 625-1line, 50Hz mode.

1y

(iii) the usuval range of lab. oscilloscope
oscillators and mesgsuring instruments,
(iv) a limited range of I-C logic function
circuits (Fsirchild RIL), e limited range
of transistors, and a very limited range of

linear I-Ce (mainly Op.-amps }.
k-

2l dork

1=ty
ta

woeriment

L ¥

11.1.3% Policy D

The original policy for"VIDIGGRAPHIC"was to use
existing off-the-shelf available subsystems, such as
receivers, Vidicon cameras eftc, and integrat
the least modification, into a workable IGC; this was to
result in a very economic system. However tne lack of
funds added a new restriction, resulting ia the p
of the cheapest available equipment and,in the ca
the equipment on loan, with the necessity of working with
not a wholly suitable subsyster., The result was that
some modifications to the equipment were reguired to be
made; hopefully these were £2 be kept to a minimum,
Cértainly with the equipment on loan minimum modification
had to Le the case, under the original conditions of the
loan, i
| _ In the early stages of experimental work this
policy was strictly adhiered to., However the stage was
arrived at (particularly in the cheap IV camera) where
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modifications were insufficient, and cerbain sectlons
had to be redesigned. Thus valuapcle months were lost.

4+ )

Subsequently the whole H- and V- deflectlon sys tem of the
Vidicon camera, as well as the timing, had to e redesign-
ed. Not surprisingly much of the reported experimental
work deals witn this aspect of Vidicon cumera deflection”
circuit desizn. This was made the more necessary as T\
cameras belng primarily commerclally manuifactured syste
and subject Lo propriatry rignts, the technical literatu
on camera circuits is poorly docurented. Also the camera,
having being purchased excluslvely for that purpose,
(unlike the CRT on loan), developmental work on it could
be carried out. Being transistorized, mogifications to

it are easier Lo make than on the valve-implemented TV-

Had btime and funds allowed, the CRI-H- and V-
deflection subsystems would also have been rebullt using
transistors., The task is not too different, as both
Vidicons and CRI use magnebic deflection for the electron
beam,resulting in very scimilar circuits in poth subsystems,
the prime difference bzing scaaning current amplitudes,
Magnebic delflection requires current sweeps producing tne
Gin

beam-defl: magnetic field, which makes transistors,

cCcuLing
rather than valyes, the ideal devices t0 implement these
circuits,

Also, as meationed previously, much of the ex=
perimental work was performed in determining an accurate
method of measuring CRT display and Vidicon camera

£

J
distortiony this result he work on koire Ffringes,

,_l

e
mentioned in section 7.3.3, and in the attachsd repring of
en

a paper on the subject 1n App

To summarize than, the experimental work per-
formed to validate tne feasability study presented 1n

Chapters 2-10, can be divided 1nto three main sucssctlons:



(i) Photometric and electro-optical measure-
ments to determine CRL phosphor-emitted

brigntness and persistance, and photocon-

&
(0

ductivity rise an

y
(oM
[@)

lecay time constanbs ebe.
(ii) work 1n measuring CRI display and IV camera

gometrical distortion using Moire Fringes,

o

0

(iii) Herdware implementation of hignly linear
deflection circuits (mainly for the Vidicon
camera) aid also of the circuits mentioned
in Chapter 8 in implementing the H- ahd V-
distortion correction circuits, such as
puise integrators, voltage-controlled mono-
stables and astakles and so on.

The following sections descrice this experimen-
e

tal work and report the r

BAPBRIMENTAL VALIDATION OF PHOTOMITRIC JUANTITISS

—_
Y
»

N

ad.
11.2.1 _CRT Luminasnce

The luminance and persistance characteristics of
the CRT W-phosphor under electron beam excitation 1is
usually supolied vy the CRT manufacturers in the form of
curves shown in Figs.bl4, and occassionally in the form
shown in Fig. 4.9.1(b) in Appendix 9. These latter curves
give, for any given phosphor and CRY, the value of control
grid signal voltage regulred for any reguired oubput
screen luminance, From the expression 4.4 and persistance
curve as in Fig 64(a) (or Fig.A.9.2), the actual form and
value of the screen luminance at any instant can be found.
The resultant Vidicon photocoaductor illweinance can thus
be found using expression 4.11.

Since all of thne above data is avallable from

orm or another, experimental

o

the manufzcturers in one f
superflous,

work in Ghis area is



To measure phoSphor luminance buildup (section
inance buildup dabta 1s only
ospliors (247) (“loag®

meaning several seconds or loanger), used for radar appli-
cations, snd by implication, build to be

of significance oaly in suach types of phu

7 phosphors, and not
in TV-application phosphors., To measure CRT luminance
buildup, a photometer with spaci 4

required; the cost of such a photometer is outside the
e o)

limited funds availeble, BHBven thz simplest of photometers
(excluding photographic light-meters) were unavailakle at
the Physics Dept. of the University., Some of the reguired

-

g
paramebers of the photometer would be:

(i) a very narrow angle of view (1%2%at most), €o
le 1

significant luminance 1s avallabd

t
snele of view from CRT screen eles
sngle of view from CR cI 1 ele

=)

=
imultaneously® (say witihin 100Qus); dire
ntact probes with fibre optics suggest themselv:s.

(ii) ‘the speed of response of the light debector within
obo

(iii) In addition the phobtometer would need to have a
e
or belter (tho ugh not necessarily a linesar scalz)
(iv) The spectral response of the photodetector nee
not be accurately known, as only the relative
apparent luminance between successive frame times

need be known.

Such photometers are commercielly available (zhh)
but in our circumstances are prohibitively expensive
(>$1000).,



The approximate expression derived for luminance

buildup (expression 4.9.12) show that there is less than

10% contribution due to buildup, while Fig.63 indicates
that such a 10% (or even 20%f) reduction in luminance has
negligible effect on t he cepability of a Vidicon output
signal being detected by the appropriate signal level
detector.

For reason of costs of the measuring instruments,
and the fact that a TV projection tube, reguired in the
final system, was unavailable, measurement of CRI screen
spot size and checks for the presence of defocussing upon

deflection, were not made.

Such an instrument, essentially e microscope, bul
somewhat modified, would primarily determine the variations
in spot sizes 1f any, and hence changes 1in CRT spot
luminance, lurinance belng inversely proportional to spot
sige for any given peam current. Also the possibility of
stray Vidicon output signals could also ce explained by
distorted CRT spots (see Fig.122(c), (d)). The effective-
ness of the defocussing correction circuits (section 9.3.4)
could also be measured.

ez Landineg
Validatbl

to

o
gelroh

11.2.2 Vidicon Photocurrzab apd Z

As for the "verification" of the CRT phosphor

e

performance, similarly for the “"yerification" of tne
Vidicon photoconductor performance, reliance had to be
placed on published results and manufacturers' data. The
figures used in Table A4.10.7, verifying the accurgcy of
the expressions 4.15, 4.16 for the photocurrent rise time-

[}

conctant ana fall time-constant, are all derived Ifrom
manufacturers' dats. The percentage variation between

facturers!' results in most cases is

3
&

calculated and man
within 20% of each other. Thne range of illuminancas for

which Lhe time constants were evaluabed, vary Irom some
100ft-C to about 1ft-C.



Lehual experimental setups Lo measure pnobc-
currents etc are difficult to achieve, In Vidicons, the

£f
output sighals are due to bthe photocurrents being inte-
I8
L

grated over & Irane and thence discharged by the

m

incident electron beam, To separate oubt signal eifects

T

due Lo the phobocurrent and dus to incomplete besm Q
charge, the stored-cnargs discharge mechanisun must be
replaced by an impedance-less Yelectron-beam™. AlSo
the continuous photocurrent is to be monitored (ia, to
verify the photocurrent curves as in Figs. 67(a),(b)),
Weonbinuous" circuit with the photoconductor must Le some-

how provided,

Both experiments require a samwple of the photo-

conductor under the Same camera lens imaging conditions as

in the normal Vidicon, but with a second contact on the
scanning side of the photoconductor,of the same form as
the signal plate contact on the glass faceplate side.
This enables either continuous monitoring of the current
flowing across the éhotoconduotor sample (i.e the photo-
current) or else may provide the impedance-lesgs discharge
path after charge buildup of a frame-time interval.
Simple lab, facilities are inadeguate for providing such
a contact,as contact potential must be allowed for, coi-
tamination of the photoconductor on contact deposition,and
due to exposure to the atmosphere,must e eliminated and
so on. Also photoconductor samples are difficult to get
from mapnufacturers. Measurements-on such samples have
been made (252,32%6) and results from them, in addition to
data from manufacturers, have been used to verify the

expressions derived within this tnesis,

Similarly in investigating beam acceptance at
photocoenductor impact, specially constructed "Yidicon"
tubes are used, with an insulator rather than =z photo-

conductor as the target, whose surface potential cean oe



varied Lo simulate the surface potentiszl variati
photoconductively
Agaln these axperimental s=tups are ceyond OUr SCODES
the reporbted ragults in (252, 253) have Dbeen used to obtain
average or coynicul bean scceptance figurss 1n sec

Recently an unusual applicatbtion of & Vidicon nhas
z43), certain aspects of which are of

terest to our aposlication. The Vidicon

k3
&\‘
©
—
[P}
=

c¢onsider

camera in tnis application forms a part of a working model

ki

x)

of a character generator with a large sabt of cnarachers (a
set of 1024 Japanese characters)., bBriefly, a subset of

256 characters, in a 16 x 16 mabrix, is optically projectzd
onto a Vidicon faceplate; to select the aporopriate charac-
ter, the scanning beam 1s grossly positioned to the requir-
ed character and a local linear raster scan is made over
that character, generating a video signal representation ol
that character at the camera output which is then displayed

I - - ! )
on a storage CRI, Some 330 charactersjsecoad can te read-
[
4+

out, with 3ms. associated with each character; of this,
1.5ms is required to ”pre-scan“ the area associated witn
that particular seclected cnaracter to era any rematient
signal from prior-projected characters (f the other 3,

16 % 16 character matrices). The character mask contalning

-

the set of the 256 characters is illuminated with a Xenon
flash lamp (the flash being of bSps duration!), and the
other 1-5ms of the 3ms cycle is required for the readoub
raster scan. The non-standard scan for each character area
has a repetition rate of O-67KHZ in one direction and ZOKHz
in the obher (vertical) directiony thus 30 scan lines per
charachter are used. For such scanning rates,a team dwell
time of some 1-5us is associabed with each display element,
wnich is some 10-15 times loanger than in norma T7 scanning
rate From Fig.73 it can be seen thabt near-complete

charca eracure is achieved uinder such long beam dwell times.

Of interast here is the example of a Vidicon

inl

AN



illuminated by s high intensiby flash (Xenon flash tube
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reasonasle amplitude output signal.
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A Li‘,_ o __"J 1
oma 10 ft-L witn a
significamt il 2)

23

i
i
value of F-number of fthe Vidico
) ance of a semi-

i A (RS
ﬁ:3°o) and tcae
reduction magnification (¥=0+5 es

apolication (343),

.
S

1

silvaered mirror “SZO'H) quoted for that
and takinc an nomin on lamp illusination
of 10°Ft-L(peak), &t

photoconductor, using expression 2-9, can be calculated Go
oL 1+

a
che illuminance reaching tne Vidicon

be of the order

hotoconductor). Using typical para-

5.10) ft-C. £&lso the Vidicon used was
an RCA 5572 (class I pi

meters for a 8572 as in Table 4,10.1, for a back plate

i
voltage "V' of some 357, and using expression 4.15 %o
re

evaluate tne photocur nt time constant, results in a time

5 at
of =~ O+Yms, Tnis con

5
Ll

constant va r
with the reported value of tn nstant thus: “gener-
i

e
ally the photocurrent decay tim is very short, of

b

hil 31 el

the order of one millisescond i ing that exact
values of XAenon lamp luminance are nobt given, the agrecment
is nevartheless very good,

i

It is thus considered that this application gives
excellent experimental validation of the expressions
derived for the photocurrent tiine constants at high illumin-
ations and a convincing demonstratbion of the feasability of
"JIDICGRAPAIC! from the viewpoint of adequate signal being
ganerated by W-phosphor type illunination within a frame

time inserval of LOms

11 .2.3 Sclhinidt Projection Cpiics snd Liznt Pan

i J

As mentioned previously a Scimidt TV Projection
System was unavsilable to conduct experimental work.
Azain the Tigures used 1n tne expressians within che feas-

ability study were based on the comparitively well-documen-
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ted literature on TV Projection System

Concerning the projection of the CHI luminance

to form a suibably bright display for the user, no problenms
exist, as systems such as bthe KCA oy Projection System

were specifically designed for that purpose. Also no
problems exist in producing adeguate illuminance for the
Vidicon photoconductive target; the existing bl

central portion of the spherical refllectl
rensved (sometimes it already is (see Fig.63(
in the direct line s

o i
the Vidicon photoconduct

Th

e inputting of user-originated graphics data
would need to be demonstrated experimentally. This depends

)

on the following factors:

(1) The Principle of QOptical (Ray) Reversability.

Since in the Schmidt Optical System, Llight rays
converga to form real images (at tne viewing
screen) from real objects (at the CRT screen),
and since the media (transparent rear-projection
screen snd intervening space) are optically
isotropic, optical lignt ray reversability holds

(see section 6,5.2).

HJ
D
Ty
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e
]
JQ
s

(ii) The nabure of Lthe CRT Phosnhpr Scre

Lamvert Keflecbor.

That a CRI screen is a Lambert radiator is

mIT

élearly demonstrated by the TV image belng visi-
ble without change in brigntness from all angles
of direct obkservabtion. That it is also an
efficient Lambert reflector for incident light

' . -

is physically evidenced by Gthe forumation of
secondary, tertiary etc. "halos", or rings,around

any central luminous spot ou the CRrY screen, due



(iii)

realizing

to lignt from such a tarn-

ally reflected by tne glass fzceplate, and
hence incident back onfo the CRY s

diffusely (Lambert) reflected (sse sectio
Thus light Ifrom a light-emitting pan projec

in the revarse dirsction to the CRL scraen-
i

direction of the Vidicon photoconductive target,
thus inserting user-originated grapnics into the
CRT-Vi

The theory and practical perfor
fibtres isg well known and documente

4 -

d
of the lignt pen and figurss used thereis
gen directly bBbacsed on manurac r
tion sheets and on the docunanted performance of
optic fibres, Lack of photometric equipment and

the ilnaoility to “tamper" withh the CRI screen to

o

e
se it as a light source for ths lignt pen, pre-

2 e
cluded building a phototype pan.

No major difficulty is thus foreszen in

the Light Pen or the Schmidbt Projection

=

the manner required for"VIDIOGRAPHICY

Whilst 1little dirsct exparimental work has Been

carried out in this area specifically for"VIDIOGRAPHICY

adequate

ufacturers'dats, of dire

experimental results obtained ¢y others, and man-

t relevence,sxicts which can be



-—
N
L—‘J

SXPERIMENTAL WORK O DISPLAY LINSARITY M5iSUREMENT

11.3.1 General Remarks

Prior to obtsining anh adeguately linear CRI

Distortion Determination, This has been previously iﬂtro-
duced in section 7.3.3 and 1s more comprehensively reported

in Appendix 11, partl in ths reprint of the pe

i
published on this work, Wi is not ouly
a self-contained description of tine theory, bubt the illus-

D

s shown of meszsured CiT display and

Iy

0

e

e rea distortions specificslly refer to the

icoll cemera under consideration, Thus to repzat
1

a
ascricinge the mebhod and results obtained here would
o
r

1
ey
e

In addition, sections 7.4.3, 7.5.5, 7.5.7, 7+5.5,
and 4.11.4.2 deseribe the method for encoding this resultant
distortion information graphically for subsequent decoding

L

by the Distortion Correction Circuits. From this it 1is

een that for the specific applicabtion of *VIDICGRAPHIC,
Mpire Fringe Distorbtion .leasurement methods not
distortion of the CRT and the Vidicon camera to e mea
but depending on the ioire Fringe metnod used 50 measure
this distortion, the resultsnt distortion information, when
plotted graphically iS, with little modification, oI the
exact form reguired to be drawn in the appropriate Graphics
Distortion Information Area on the CRI screen to ke sub-
seqguently decoded by the appropriate Distortion Correction

Circuit,

Sxnarimenbal Setun For"VIDIOGRAPHIC!

1122
Several additional ramarks concerning the

measurement setup for'"VIDIOGAAPHIC'must be made.

Lyl 4



In the 4ppendix of the raprint (p

the reprint) it is stasted that to minimize parallax errors,
i

which lead to values of display distortion being different
to bthe actusl distortion values, the “"reference transpar-

e
9
ency™ on which the refersnce lines are drawn, need be

?
placed in Such a way as to minimize the distan
tiie plans of
screen (the sScreen msr oo

not a plane).

(i) To minimize the sepzration between the CiT
a

secreen and the reference transparency, the
latter was mounted inside the implosion
protection facaplat nt of the CRI screen,
by belng sandwiched cetween this protective
faceplate and another perspex sheet (having
being previously been carefully positioned). The
resultant sepasration between the transparency
and the CRI screen was less than 0-5", For this

particular CRT under examination bthis required

the withdrawal of the CRT from its mountings and

from the deflection and focussing coils, each

Time new bransparency was inserted. In most

CHl's, non-rigid mounbtings for colls are used;
C

R
mainly these rest on the tube neck. In our case
?

[SH

they rested on a cardiooard tube which supposedly

—

had a "tignt" fit over the CRI tube neck; however

(

some 0-25" play was oopserved., The witndrawal and

insertion of the CRL moved the focus and deflec~
a

tion coils somewhat, which necessitated readjust-
ment gaca timesy the effect of tiis was that re-
productability of results was affacted,



In the RCA Projection TV-System, no implosion
shield 1s present; thus a separate mounbing
T

)
placing the Moire rringe reference transparency
D

is required., However the CHRI need not bs rem

each time a new transparency is inserted, and
thus probklems of reproductability do not exist.

(ii) The second point also concerns the presence of
parallax errors., The reference transparency
consists of straight parallel lines which lie
on a plane; however the lines generated on the
CRT screen, nominally parallel, lie on a screen
which is invariably curved (except obviously in
flat-faced CRIS)particularly so in the case of
the RCA projection tube (to satisfy certain
optical reguirements of Schmidt Op sties). The
screen is essentially spherical with the centre
of curvature at the centre of electron beam
deflection, Thus whilst the reference transpar-
ency may be in conbtact th CRT screen at the
centre of the screen, the Spacing between the
two diverges going away from the cenftre, leading
to errors in distortion measurements due to
parallax.

In the reprint, an expression is derived
(expression 49) giving this added apparent dis-
tortion due to parallax. From expression 49,
this additional "distortion" is

_AS(X,.Y)
S + AS(x,y)

where " AS(x,y)" is the separation between the plane
of the transparency and the CRT screen
at the poiat where distortion is
measured,



nSht is the distance from the centre of the
screen (where DS(x,y) = 0) to the point
where the resultant lMoire Fringes are

being observed (see Fig.16 in the reprint).

Clearly the distsnce of observation from
the centre of the CRT screen determines the
"apparent total distortion of the CRHI display.
For the purpose of VIDIOGRAPHIC, of interest
is the effective distortion of the CRT diéplay
as imaged onto the Vidicon photoconductor target,
and thus distortion measurements must be made at

that point where the Vidicon tarsat is expected
e =] S

jO

to be with respect to the CRI screen., Since
photographic camera is used to take the "hard-

copy" result of the resultant Moire Fringes, its

(o

lens is located at tihe expected location of the
Vidicon camera lens in VIDICGRAPHIC., For the
14" PYE .ionitor, this distance "S® is some 22",
while for the RCA 5" - Projection CRL, €

distance is some 9" (see Fig,.83(b)).

The recorded Moire Fringes, giving the
effective distortion as "szen" by the Vidicon
canera, are tnen a result of the CRI displayed
lines on a curved screen teing projected in the
line-of-sight (or line-of-"Vidicon sight") onto
the plane linear reference transparency, which
is the condition rejuired for linearity measure-

ment.

11.3.% Vertical Bar Generatsor

To conclude, the circuit diagram for the
"Vertical Bar" generator to test CRT linsarity 1s included;
it is shown in Fig, 129. No "Horizontal Bar generator is

necessary, slnce Mhorizontal lines" are glready providad

N



Facing ©p.

FUNCTIONS

POSITIVE. LOGIC:
B=A

NUMBERS REFER TO
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s
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R, = 4500
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R. = 10000 . Ri= 4502

R: = 6400

JIL900 BUFFER INVERTER
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H-BLANKING PULSE NEGATIVE
PULSE#41.5V s SLOPE INDICATOR
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Figure 129. '"vertical" Bar Generator for Moire

Frinza Masgiiramenta
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o obktaln Vidicon
scanned area linea ity, vertical bars are accurately
mnaged onto Lthe Vidicon

drzwn on a flat board winich is then

photoconductor.

generabor consists of a reseblasle
sstable multivibrator (mads from Swo uL200 buffer ilnvertzars),
the reset or synchronizing pulse heing derived from the
H-line blanking pulse (wnicn itself is derived from a
crystal-controlled clock (section 11.6)). The oubtput
pulses, of a given nominal freguency corresoondlag to the
are synchronized to

Q9
cr
3
i}

reguired vertical Bar separ
start from the same pulse edge,every H-line, The pulse 1is

derived by the half of the wl914 dual-input HCR gate waose
input is so biased by the resistor network and the coupling
capacitor,that it forms a "pulse negatlve slope detector"
(secbion 11.5.7) jthe resultant pulse, corresponding to the
and of the H-blank pulse (a he bs the

active portion of the H-line) is fed tnroug!

defined vc

(L

uL000 buffer and the trigger transistor "3¢. The duty
cycle of the two halves of the astatle are dalizaretly
made une-ual (at least grester than L+1) by appropriate
selaction of timing component valuss, o that the trigger
pulse resebs the astable in a given half perliod,unambig-
uously. Also the narrow output pulses form more Snarply

rtical bars 0 d (perticularly if
dynamic defocussing is still precent) .,

g

"he opubput frequency, as in simple asta

given by
1




NI

output frejuency range is about 2 - L4MHz,
ts as a puffer teo QLGVQQt loading the

S
osther half of tne #L
t

put signal feeding directly into the video input of the

CRT to result in the "vertical bar" display.

- , TIYA YT S TTT . 7\\'(1‘ T T'T"" hry /:('V ,f‘_' h A el
11,04 HORIZOLT AL 4AND VaxitCzl wCANKING IRCUTILE,

The requirements of"VIDIOGRAPHIC" demand tnat
the resultant CRT display be "geometrically stable" otner-
wise the display will, after several [rames, exhibitb
”instability“ by moving out of the viewer's sight, 3y a
hgaometrically stable" display 1is mea nt one where in
succesSsiv frames, a given displayed spot is always located
st the same display area coordinates, or at least is loca-
ted within the elemental arca associated nominally with

that disolayed spot. This resuires that the electron Dbean
( p ]

deflection in both the CHRT and the Vidicon be:

i

to betber than 0-1% say. This may 2e

(1)

J—
=
D
4]
=

Y ]

-

hieved with a nominally linsar scannlng wave-
form generator (of say 0°2%~ 0+3 C
waveform lineariby),with the required dagre
display linearity obtained by adding correction
waveforms derived from H- or V- Distortion

Gorrection Circuits described in Chapter 8.

(ii) orepeatable . The electron dean geflectlion may

pubt in addition,in successive scanning
e

scanning waveforas must bes identical

N



(a) a stable timing source to initiate and

terminate scanning cycles,

(b) Stabilizing networks to minimize or eliminatbe
canning waveform amplitude variations under

temperature and power supply variations.

(¢) the relabive locations of components, such as
deflection and focus coils, with respect to
CHT tube neck or the Vidicon must be kept
consbtant, otherwise deflection conditions are
varied. This is of relevence particularly 1if
the CRT need pe taken ocut of 1ts mountings

during bthe insertion of the reference trans-

narency for Moire Fringe Distortion Measurements

o)

(see section 11.3.2).
Precision jige and mountings to locate and

maintain coils positional accuracy are available

(302).

Such relatively demanding reguirements are not

1

met in commercially available CRT displays or Vidicon

cameras, yet as mentioned previously, one oI

£

the aims of
WVIDIOGKAPHICYwas the use of commercial equipment in
Consequently in the availalle egulpment
'DIOGRAPHICY wmodifications, inciuding some

very major ones, had to be made., What started of T as

modifications was abandoned several montns lgater and major

redesign of equipment was initiated. The reason for this

is briefly mentioned below.

In section 11.1.2, the available CRT display

and Vidicon camera were briefly descrited; tiney are more
fully describesd in Appendix 12, where system and circuit
diagrams are given., On examing these, the difficulty in
meeting the zbove rejuirements (1) and (ii), by modifying

the existing circuibts will bkecome apparenv.

51



1

Of the various reguirements enwnerated asove for
a "eceometrically stable” dilisplay Lheg prime regulrement 1s
stable btiming, Yiming signals define Ghe start and b=z

mination of tne scanning waveforms, blanking signals ete,

and indicate thie dlsplay element coordinates for both the

CRT and the Vidicon., In most of the economic Closed-

Circulb-T7 systems,tiia camera/C%i display work in & master/

slave mode as regards timing. “he timing signals,indicat;
1

zontal snd Vertical scans,

the CRL displayy thus the display is always in syac neonisnm
with bthe Vidicon camzra. The soo long~-term sbability

from the mains 50Hz frajusucy. for t
e th i

was-aboub +0-5%. The result is poo

1ocation of the H-display linszs in successive frames.
Such a systbem 1s terned "randon interlaced" (as agelins
2.1 interlacing" in 3roadcast-TV systems).

her meti:nd used, the solubion ultimately
chbable external timing source, wnicn
controls directly the E- and V~ scanning of botn

camera and the CAT Qloul?V. 4 crystal-controlled clock is

< oh
1{ T 1. - s .
used with a freguency of AT Hz where At = 0-10zps,
which corresponds to the time inbterval associated witn

ecach display element - coordinate 1n the 200 x 200 display
grid., By suitable digital division, tha H~line and V-frane
timing pulszs can be ottained to initiate the scanniang
cycles, The states of the frequency division counters
directly indicate the H- and V- coordinates and other

el b ol B EETRELE PR R P
Shert and Cerlin stion of blank-

jny

timing signals sucn =28 %

®
‘_l
7~
&)
®
@
&)
@
o
cr
‘_4
8
=]
—
L)
o
Q
=
IS
'I—
'._J
(130}
a
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i
&
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ing sign



T

he H-~scanning tank circuit

.
illator doeg¢ not allow exbernsl btrizgering I
T 0

oS¢ for synchro-
nization purposes, yeb the subsequen’ scaaning clrcuitb
stages require as thnelr input the escentially sinussidal
sutpube from bthat oscillator. Thus some tine was spent in
replacing the btank circult oscillstor and metching thne
wavelorms to btne reguired ones.
For the CRT, the external timing inpub modification was

9! Ny the H- and V- timing pulses were [=ad

i circ

The above modification solved the problem of
stable timing, still keeping the policy of minimum alter-
ation to existing off-the-shelf equipment. However the
problem o5f linsar H- and V-scanning waveforus still re-
mained.

To generate 2 sawbootn scanning currsnt in a
scanning colil of inductance L, tihe simplest solution,
from the basic relation

dt

is5 to keep ths voltage "¢" across "L' constank.

In the camera, tnis constant volba

H- current sweep, was Oerld d By the collector-to-emitter

or
voltage of a saturated fransistor (V.. .) during the

sweep period (the transistor “QB”
ally this voltage is constant for varying current, at some
value 0+2 - 0+2Y, but in practice, 1T is noan-linear,
particularly at low current values, The currant swesp

conseguently wsS ton-linear by some 6 - 5%, particularly
(]

at the beginning of eacn d- scan line where the sweep

current was lowest,

£l

The V= Scainnineg current wavalorn waes cerlived

o

from the exponential discharge of a capacitor, the scai-



ning waveform Forcing the initial segnent ol the
aiid resictors ﬁ;h R.. in Fig. &.12.4).
~ Ty &
ng waveform is only &n approximaticn to

A
the linear case anid sgain scanning waveform dlstortion of

Bearing in mind that not only tne scanning

waveform nead be linearized, bub also pincushion and

1 distortion correction waveforas and remanent-
nalytically-indescribable"” correction waveforms darived
from Moire Ffringe easurements, nead be laserted into tne
scanning waveforn to result in the display linearity to be

1 &
betber than 0+1%, it became apparent that the exliscing

scanning waveform generators were tobally unsultable. Som
attempts at inserting correcting waveforms were made; beln
relatively unsucessful, these are nobt report ted here, &8 a
consequence it was decided to completely resdesign the
Vidicon H- and V-Scanning Circuits; the only components

4

retained were bthe scanning coils mounted around tine lengtn

mn

of the Vidicon tube.

For reasons previously mentioned, the CRT H~ and
V- Scanning Circuits were not designed, altiiough thelr

désign is very similar to the Vidicon Scanning circuitS,
rl’

requiring in Uhe mal

11.4.2 Scanning Circuits Requiremenbs and Design.

>

11.4.2.1  Scannine Circuit Rzuiremsnts

The reguirements for the H- and V- scanning

circuits, for both the Vidicon camera, and TV display, are
identical. ‘they are:

(1) Synchronizing ability
The period of the scanning waverora must bLe
capable of veing ianibtiated and tarrinated by
exbernal timing signals (derived frowm a crystal-

1 Cf‘(,‘l"é*c?.

\n



(ii)

(iii)

(iv)

(v)

D
M
Fs

riod is 6%us, with the active (dispnlay g
) n interval being S4ps, and tne H-blank-
ing pesriod beling 10uas. The V-scan period is
n

- - oL = . R I [0 _ | . - Qo0
20ms, with the actlve scan intervsl vteing 10-0ms

Scannine wavelorm linearity 1s to be Leifer

than 0-3%.
7r
(T
rasu

Lay
Tha figure of 0-3% tne limitation in

resolving linzarity measurement ol bthe measuring
instrument (sse below - section 11.4.2.3.).

prrzclbian waveforss,

0
.tput scanning current,fed into the H-and

lection coils,consists of the linear scan-
viav

(‘D

form wibh inserted correction waveforms,
C

generzted outside the scanning circuits,to

correct for pincushi or parrel distprtion, and
to correct for any remanent display distortiocn.
These corrsction waveforms are generzted 2y
separate Pincushion or Sarrel Distortion
Ccorrection Circuits (Chagpter 9).

T
This facility not only nelps to position the
ted beam at the centre of the display.
area, bubt can Be used.as a "Iine" position
liga the CRI display optic axis with

respect to the Vidicon scanned-area optic axis

Annlitude Control

This facility nobt oaly helps to adjust the
amplitude of the scanning waveform and hence the

dimensions of the display and scanned areas, out
can be used as & "f{ine" scanned-area dimension

i



conbrol bo result in the reguired exact
magnification ratio bebtween the CxI

the Vialcon scanned ares.

i, - O o . P : AT I
(v1) Tennerabure and Sugnlv Toltase-Ling Stabiliza-

(vii) The H-scanning current is to feed a H-scanning
ge inductance is 1+16mH (series

resistance is .10 ) while the V- scanhning

current is to feea a V-coil whosa self-induct -

,

ance is 55-6mH (series resistance is 1170).

e

These are the Vidicon camera coils, [or
comparison,self-inductance of the V-coils.in the
CAT are 5-2 mH (resistance being 8:6.0) and for
the H-coils, self inductance is 9-3 mH (resist
ance is 12:30).

(

™I

11k,

n
o
i)

gn Congiderations

I

Hhe

h
p

Lz
above reqguirements determine to & large

—

e
degree the possible design aporoaches, Thus the reguire-

~-

ment of external synchronizing ability leads o the -use

of pulse integrators to ge nerate the V-scanning staircase
waveform or the H-scanning sawtooth; the output 1s a
voltage and not a current waveforn,

The requirement of externally generated correction wave-
forms to be added to the linear scanning waveforms
suggests the use of Op-amp. sunmers; thus surming of
voltage waveforms 1ls used.

ntrol (effectively performed by a variable

.

DC current

1

The centering co

lowing throush the scanning coils) can be
effected by a variable DC voltage. fed to Ltne Cp-amp.
summer,
The reguirement of using apriori specified scanning coils
with the given inductances, determines tne amplitude of

the required scanning current in the coils, and bthus



whether the output current from the op-amp can be fed
directly to the scanning coil or not. This last fact
S

determines tne rsquired oubtpub st:

,_L“
Q

8
circuits and is the main r2ason for the aifference
betwaen the V- and the H- scanning circuits., The reason
is as follows:

In the Vidicon, it 1s shown (expression 11(f) in Appendix
4.6.%) that beam deflection “ad" 1s, to a first approxi-
mation, proportional to the deflecting megnetic field hgn

generated by the scanning current flowing througn the

canning coil.

Thus
B S
Ax“- , and Qyo43y
where “dk“ is the horizontal deflection due to the
field in the H-scanning coil, "B ",
"dy” is the vertical deflection dus to the field

in the V-scanning coil, "By“,

The magnetic field energy HWW” in a given volume "V¥
L

,
L ]
to a field “3" is given by the well known expresslon,

2
W= $ .2 v
i & pot
where "u" is the permeabllity of the madium.
In & coil of inductance “L" , such as the scanning coil

surrounding the Vidicon, tihe magnetlic energy is given by

omn

anobher well known expression,

- 1 . 2
i o
NM 5 Li

where %iV is the scanning current.

From the above two expressions it is seen tnat

= K.iJL
where "K' is g constant,

and further the beam deflection 1s given by,

For maxinum deflectioL, taking no
d

ratio »f scaine



ol =

d
X

S

Wi

Since the V-and H-scanning coils are of approx-
imately the same length and diameter, their enclosing
volume is ngarly identical., Under those conditions,at

maximum deflection

where "LX", "Ly” are the inductahces of the H-and

U)l—’

Vescanning colils respectively.

Inserting the values for "LX" and “Ly" (see section
11.4.2 (vii) above)
e o
T
In actual fact 1 o 125mé4 and iymaX ~15mA.

Consequently for the V-scanhning circuit, the output
current from the op-amp can be used to feed the scanning
coils directly, while for the H-scanning circuit, a
current amplifier with transformer coupling to the scan-
ning coils had to be used,as the op-amps available at
reasonable cost were inadeqguste in providing this required
peak current, However op-amps with this output current
capability are commercially available (316); others, with
output currents up to 500 - 600m4, suitable to drive CRT
H-and V-deflection coils, are also available.

11.4.2.%. Scanning Current Linzarity lMeasurement

Accurate measurement of the scanning waveform
provides some difficulties; for example when observing
the sawtooth current on a CRCyany resultant distortion

observed includes the display distortion of the CRO



itself.

The CRO used (DUMONT 765) was a dual-input,
"dual-trace unit with a summing mode for the two inputs
provided. ZSach inpub has a "normal" or "invert" mode
and thus summing or differencing of the two input
signals are possible and the result displayed. When
displaying any given signal by using eithner of the two

oo

inputs in either of their modes, four differant errors

~

are introduced,each acssociabted with one of the 4 different
‘combinations, Without an external calibrated standard,

)

and using tha different possible combinations of summing

or differencing, it is trivial to sunow & rror
y (

e e
als are individuall the determinant
of

ot
of the matrix giving the equatioﬁs linking ths errors

each possible combination 1s egual to 7zero)., However

i
it is known bthalt the summers and the in
n

result in ah error

o]

In addition, a refe
availakls from the

There are two types of distortion measurement
to be made. One which determines the absolubs linearity
of the scananing sawbooth wgveform say, and the other

c

’
which determines the relative, or introdu

between the sawtooth in one pert of the circult with tne
amplified sawbooth, say,ln some other part of the circuit,

To determine the "absolube" linearity, tne

o
sawtoolthn or Ve-staircase is compared with the CRO reference
sawtooth (by differencing the two) and the diffe c
displayed and measured, 411 four comnzinatlions of me

ments are taken (i.z. input probes zre i

are ianput polarities) and the averzge di e
to obtain the distortion. Thus Scanning Waveform Nonh-

linearity is




average difference signal x 100%
o

scaining waveform amplitude

.In nmost cases this was within the + 0+32% error limit of

the CRO,

When comparing two similar waveforms to
determine distortion introduced by the intermediate
circuit stages, one of the waveforms is fed to both CRO
inputs and the differcnce signal or error signal 1s no
call this ™ (e )";
two waveforms are then compared for the dif
call this " f(eg)“. The nett intruduced distortion "f (€)M

is the difference between ™ f(éz)“ znd " £ ( 61)“ i.e

ideally this should be zero. The

2y

ference siznaly

Net distortion,
fle) = £(e) -£(€ ).
1

In appearance on a CRO, ideal or zero linearity
would be evidenced by a horizontal line if the two input
sighals are appropriately scaled; otherwise, for distor-
tion present, or error signals in the CRO input circuits
or summing-amp being present, the result is a "bowed"

line of length corresponding to the scanning interval.

The above method has limits in accuracy, b&ub

ble eguipment, was the most suitable

11.4,% Vidicon V-scanning bigveform Gensrabor

[N
N
)

cT

J.3%.1  Reqguiremen
The functiosnal block diagram of the Vidicon

Vertical Scanning Waveform Generator and the reguired
timing signals and resultant waveforms have been given in
Figs., 106,107. The current staircase waveform has steps
of 64ps duration, with sach step being generated in
nominally 10us (the Y“step buildup") and for the remaining
slius, corresponding to the zctive or display interval of
a H-scanning line, the step is "level" or norizontal.

\r



The 2:1 interlace required for tne Vidicon is provided by

the timing signals (see Fig. 107 and section 8.1.2.1).
In addition:

(ii)

(iii)

(iv)

the active scanning interval is of 18-8ms
duration while 1:2ms is allowed for retrace and
V-blanking. The number of 64us steps within
18+8ms is thus 294.

The scanning currsnt amplitude is to Be about
15ma + 15%., Thus each step height is to be
0+051m4 + 0«0076mA, the stev height variation

to be provided by an external control.

Centering ability of + 15% of thne scanning
amplitude is to be provided., Thus an externally
variable DC current of + 2+25mA 1s to be provid-
ed in the coils.

Scanning waveform linearity is to be better
than 0 +3%.

11.4.3.2 TImplementation

The V-scanning waveform generator consists of

two main functinnal subsections:

(i)

(ii)

the pulse integrator whose inpubs are timing

signals to generate & voltage staircase of
nominal step height, and sdditional correction
signals from the Verticel Distortion Correction
Circuits (section 8.1.2.1) +to gensrate a
"oorrected" staircase to result in linear scan-

ning.

an oubout driver stage consisting of an I/C

Op-amp in a special configuration, whose output
current directly drives the V-scanning coil. 1In
addition,tne Op-amp. acts as a sunuer for:



(1) corrected "linear'" staircase voltage,

(z) for additional small voltage waveforms 0

-

io
correct for pincusnion or barrel distortion.
T n1

(3 a variaple DC Voltage to provide the variable

UC centering current.

curreant pulses Lo iner

staircasse fashion., Iw

enerate the nominal
-]

ate the small variable
Distortiosn Correctiosn Circuits. 3=z, Qg and Lihie cap
<3
C. correspond in Fig,107 to the YSuwuan
i i ©
Integrator".

The input ©o Q7 is a 10us duration pulse derived

=

from a -5 / (marked r/ - in Fig.i107), triggered by
crystal-clock derived pulses, (Timing is dsscri
tion 11. 6 ). The inpub to gy is a varladle

c 3 a
B P L n} L%y e - e P . g c Il Ehint 'T"/ I L bl e A
ulse Gerived from asaobhar A-S F/F (marked ¥/#, in Fig.107J.
I

is pulse immediately Follows the 104s pulse 1nto QB; thus
Q2 and g Go oot have at any time simultaneous iapube.
) o)
Tne inbermediabte stages between tne 1nputs and QB’ 4 belng
identical, ouly one nead be degcrised, that For the 10pus
input, say.
Ty G - oA r @y o 1'1-\7. - re Tp e 37 A
The 10pus pulsss of some 1-25V Lirde ralrc.alid

and inverted oy 12. he pulse amplibtude 1s limltea oy tie
Zenar divde Uy 10 series with the $1 diode Pgs. The
volbaze “"V." pressnted at the Dbase of Q. dus to an 100
“input pUng is uwhus :
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Vg = Voo = OVze = DVos o L L. 11

e 1 i S va 1 Leosn A -
where [SVDZf‘=i|Av532“ are the voltage drops across
each diode when conducting.
" AV + AV c," 18 essenti a constan
A D74 A JDE)Z 1 e S \_la]_]_y a constant

value.

Otherwise when there is no pulse input (during

the H-line scanning),

T e ).

The values of the emitter and collector resistors
of Q2 are so chosen that the thermal coefficiant of the

Zener diode voltage, ™d A&hw”“ ie ideslly zero.
/ 4

d o
The emitter current of QB, during tne pulse
input interval " T." is
FN
. i S i
' (T2) =V - V- - Vo, -
IEQB( ® cc = U3UTR) - Vaags L L. 0.2
R~
AR
Supetituting for "VB" atove
I.. (TR) = AV, *+ R S
lmw»( R DVpzy Dipgy V313
5 o
R
.JQB
. ¢ o17.3

anh expression independent of "V..", the supply voltage.

i C *

Testing for tempersture variation, results in

+ - -
qi° Rag di° ai® au?
3
1.5

. . . a
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then

The transistors 3

?
Woeommon base and the osutput

P
collector is extremely high
sistor provides a current

current bein
capacitiva,
so that 1

h. 150)
I€> e /

During

Wm

ct

value,

K
KVDH

()

e
(&
1&

4]

u6 are cach connecktad in
28C{

t
tne output collect

impedance as sean ab

n
eral megohms) ;3 esch btran-
or

of the load, ia this case

nign current
4%

gain

2 zehsg,

1.5(a)

at the above

fal

is



When pulse input 1s zero, "v" remalns at its new value,

v =V /— T 7
\f JO + A'[-:)Z .——R - . - L] - = L] - L] . .11./
C, .
178y,
*3
Assuwning that at thne start of each new scanning cycle,
VD = 0 i,e.the capacitor is fully discharged (by the
discharge circuit provided by the P-junctiosn #3T 15 ),
the amplitude of thne resultant scsuning voltage staircase
a Nl

where "n' ' isthe number of staircase steps (=294%)
“TR“ € the time interval of tha current charge
& (hominally 10ns),
"AVy,, M ie the velue of the Zener voltage, (nomin-
ally at 5:6V),
”Vmax“ is chosen to be 5V, so that at "Vmaxn’

e
with a voltage supply VAC = 147 (the recomended voltage

P
L
supply rail in the Vidlcon camera), sufficient V.. exists

mlr
(about 3V) to have g VBE =0, 1l.=. VSEQ- does not vary
d Tom ' 3
CH

with “v',
Tha value of C

1’
ly fast discharge (sece below)), Substitubing the above

nominal values in expression 11.7(a) resulbts in

is chosen at 0:33uF (to provide sufficient

o=

£
T . ol \ o =0
R Topp e Tpo= 5°6.294.10.10.77 _ yopg
sz v C : -6
B max., 1 5. 0+¢33. 10

—

for the inpubt stages Qs QS, and the other halfl
£ 0

of the Pulse Integrator 067 providing for the Vidicon

Vertical Display Corraction, Ghe variable durabiocn inputb
? 5

pulse of 1ps maximws duration is to correspond to 2% of



the steircase sbtep height (see section 7.5.7). Hence,
REQ , bhe emitter resistor of 3, is given by,
. 5 6
T “ - — — { E
R = AJDZZ . . 10.10 1.10 o fHan
_'JC‘J‘6 ~ ¢ —6 "1“53
00z V .C 107 je D
02 Vinax+° 10,70 02
= S50K&
4 small trimmer resistor is thus rszguired in
an/, to adjust its value such that a 1as duratiocn
pulge will generate exactly 2% of the nominal step height.

<

¢.131(a) shows the act
D

pulse duratiosn and resultant step height, comparsd with
the ideal value of step height based on nominal vslues,
For a 5V staircsse voltage oubtput, with a 10ns pulse

s
duration snd 294 steps the nominal step height is t7mV.

The output of the integrator ( at the common
collectors of QB, Qé) cannot be fed directly fto the output
stage (the op-amp) as the input impedance ol the op-amp.,

although high, will provide a discharge path for the
capacitor Gy, with the result thabt the staircase voltag
waveform will exhibit a "droop" or non-linearity. If g
is the nett discharge impedance in parallel with C Cis th

ds
percent decrease of the voltage across C1 is of the order

. co ol . ik IPERE &
of BT , if RC, > AT; DT is the scanning duration
R'C,
of 18'8ms., for the percent decrease to Le less than 0-1%,

2'>6.10%. The sutput of the integrator is thus buffered
by & unity-gain IfC voltaga-follower (Lil 302) with an
input impedance of some 1O1Qn_,sat*€1jln0 the above
requirement., Delng essentially a non-inverting op-amp of

unity gain,it exhitits negligible waveform distortion.

The capacitor C1 is also connected to a simple
discharge circuit, effectively a simple P-channsl 41



(2N4360), which 1s switched on during the V-blank or
a

Veretrace 1.2ms interval via the inverter 47; auring the
.active scanning period of 18+8mns it is off. ULuring the
Qg"aff"furatlal, the gate (G) of the Ful belug ab Vo
(14v), while the source (8) is at some lower voltage "v'
the posgsiiility of leakage cu (

irrent "I oM flowling and
charging Ci’ exists. However 1b 1s &

of a nA and can ke neglected., Similarly leakage currents
"Iong" and "I.oo" in the transistor

iz
neglected, also bLelng in the range of ni's.

fully"on\jduring the retrace
period,il appears as a resistance of some 2.0fL between
a

source (&) and drain (D), discharging the capacl

cr
@]
L}
tn
N

with resultaent assoclialbed time-constant of some O-lmis.
Since within 9 time tants an exponentlal discharge

1-2ms allowed for verfi deguabey
capaCLtar C1 thus discharges to a zarp vdltage value each
scanning cycle. i labelled

his is the "Discharge Circuit",

f__Ll
ag such,in fig. 10Y

Linearity messurements show an overall lineariiy
within the O-j% error of the CRO. (Tnis is without the

ion inpub). Tsable 5 compares the nominsl
red

(b) The OQubtoulb Driver Stage

The outgut stage ol the V-scanalng circuit
consists of a uh 709C /p Op-amp, (correcponding bto

"Adder 2" in Pig. 107), connected in the configuration

shown, wnicn makes it a voltage-to-current converter. At

(1) the voltage staircase from the pulse integrator,
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which includes thie Vidicon Verticsal Display
Correction, “Vs(t).“

(ii) a wvoltage waveform for pincushiosa or barrel
distorticon “fp( L)', generated elsewhere (see
section 9.4.3)

(iii) a vsriable LC voltisz

] 2)
to provide tihe resuired canterin

Thus .
V‘-(t) = Vt( ) + f ({J) + f . L . ® L] L] L] -11.O
il C

This summed inpul appears in the vertical deflection coil

as a summed Scanning current,

The V-deflection colls in the circuit, from an
circuit-gnalysis viewpoint, can be considered as part of
Lhe oubpubt impedance of the op-amp (the approach. taken
below); alternatively, the resulting voltage-to-current

to t

v,

conversiosn can te considerad toO bLe due ne "heavy"

feedback resistor "RV,

It is simple esnouzh to show (sSee for example

(345) that for an-op-amp connected in the manner showh,

\'

the output voltage "V " is given by

<
O

1

1

'

]

H

L]

| o5,

N
-|

—_—

SN
.

L]

L]

L]

L]

-

L]

—_—

—

L

\O



' Z Z . R. R,
sulb oub i F
and )1:(1+‘-“;5' + -z_-{_“‘)'<1+-;—+ —-5) 11010
i L il “in
A - Z
O Aout
I -
where "Zin“ is the input impedance of the op-amp
(ideally e st &2 )
"Zout" is the opubtput impedance of the op-amp
(ideally zoutﬂbo)'
"AO“ is the open-loop gain of the op-amp
(ideally Ao—ﬂ-OO).
Also

ID: IL + IF = IL(1 + RL) e e & & @ 5 % 11,11

If n-0, or is negligible, then from expression 11.9,11.11,

I :_RF.(1+RL). ‘] -.VI......11°12

i.e. the current waveform out of the op-amp follows the

inpat voltage waveform "VI(t)“.

If an impedance is dinserted batween the odp-amp
output and the junction of "R " and "Ro", it effectively
becomes a part of the op-a:p's outpub impedance as far as

analysis goes, subject to the above expressions,

For the ud 709C, typical vlaues are

4 = Lo.10°
= 1. 5
Zi, = 1+5.10
24 . m= L
ou 150
The scanning coil has L = 55°6 mE and R, = 11708, and Ry,
Rp are nmade 68K N eacn. At the highest.frequency operab-
ing (of the order of -;%— where "I QY is 10us, the step
. o R . . ; —
height buildup)),the scanfiing coil impedance is of the

order ol Z(Xdl, making “Zout“ gffectively Z0KS . ”RL" is of

the order of 2000(see below). Substituting these values



T

in expression 11,10 results in p=0-01; hence the current
step buildup obeys the expression 11.12 vary nearly.
For the overall steircagse of duration §3+2ms (and hence of
freguency = 50Hz), where narmonics beyond the 10th need
not be considaered wilen considering lioezrity, GLhe imped-
ance of the coil afh S00Ez resulbs in u=0-0003, Thus,
noting that Ry = &p, the current "I, EW through the
scanhing co0ll 1s givsn oy,
B
ORI S (I ) DEPPRR S IR
:t‘.l.l ni*
For a Jl( ) (the pincushion correction wavelorm
plitude being only some few parcant ol Ti(ﬁ)L‘uC a rea
quired ”Io(t)“ meximunm anplitude of 15ma4, aL evaluates,
from expression 11.12(a), to 3308k, To provide z £ 15%
mplitude varlatlion, 5L is made 2700l witn a series poben-

and 1+ 5Kf series capaclbor-resistor between Lerminals ™"
and "8" and the 220pF capacibor tetwesn terminal ot and
HL are tne recomnen

sating networks rsepactively.

Ry, of 1850 , at the non-inverting input if made equal to

ded input and oubput freguency compel-
ct

the parzllel combination of the input resistors
(R1=R9: R3 = 48KN) and is for temperature compensablon in

the op-amp.

the V-scauning coils,chosen ab5-6K1,

n

"Ry" acros

is a damping resistor for oscillations appearing &cross

T

o

ci
the coil just after Gthe V-retrace, due to the frequency
compensating capacitor of 220pF, the coil interwlnding

capacitance etc.



TABLE

'PERFORMANCE OF V-SCAN

5

Faclng p. 5.

ING CURRENT GERERATOR

-
{ NOMINAL EXPERIMENTAL
- |
VOLTAGE SWING ACROSS Rpqs L 5.4v 5e 87
STAIRCASE AMPLITUDE AT C, Al e gen
STAIRCASE AMPLITUDE OUT AT LM 302 5 Be717
LINEARITY 0 < 0+ 3%
DISCHARGE TO 0.1% 0+7ms G-éms
: ‘ = e
Vo VOLTAGE AT R| ( Ry = 3300) 57 1
_V . ) 4 /\1 C“}‘
’6 VOLTAGE AT 6" OF OP-AMP
BVcoiL (Vg -Vp ) 157 1. 47
COIL CURRENT 154 1304
STAIRCASE STEP BUILDUP 10us ST
AMPLITUDE VARIATION ( R[ = 270041005 ) +1 59 b, 411%
CENTERING +1 5% 170
LINEARTY 0 < G-3%

TAR

LE 6

PERFORMANCE OF H-SCANRING CURRENT GENERATOR

NOMINAL H EXPERIMENTAL
[ SAWTOOTH AMPLITUDE OUT OF LM 302 57 i Y e
LINEARITY 0 < 0. 5%
DISCHARGE TO 1% Zefne 2+3us
VOLTAGE AT V‘O 5—1‘] TE G
CURRENT 1254 120
LINEAR (0.47) CURRENT DURATION 5h e 53,
RAMPLITUDE VARIATION (R = 330+10a) +1 5% b 12
CENTERING 1§ &9 -13. .+ 1380
-_LINEARITY 4 o m~ O+ 3en(e 47 |

(SN}



staircase "V.(t)" is capacitively

t
coupled (C2¢=SOOQF) to the op-am

o]

1

The potential divider providing the DC cenber-

'_l
]
ra
(@]
o
=
=
(]
"

riable DC voltage, as reguired, to

equal in magnitude {(+147 and -14V) and if R, = Ry, then
£ {15
the 1nput voltzze variation is given by
; v . &
_t \[C = _:t - CC tc . - - . - L] L[4 [ ] L L] 1 1 1 _)
R, + H5 + K~
H D

Eor the velues chosen RA e R% = E-QKQ,RC = 520041,
+ Vo=+ 085V, which is approximately + 15% of "V (t)"
— oare— . — u

. Thus the centering provides + 15%

Iy

7)
t), the scanning co2ll current amplitude

5

Actual tests were carried out on a wound induc-
tor of L = 55-6 mH in series with a resistor of 1200 in
series, This enabled waveforms o be measured “iaside"
the “"V-scanning coil',

Table § summarizes the performance of tne complete V-scan-

ning current generator,
11.%.4% Vidicon H-Scanning iWaveforn Generator

11.4%,2.1  Requirements

Tne specific requirements for the VldlCJﬂ H-scan~

ning waveform generaftor are as follows:

(i) H-scanning being continuous, (unlike the V-scan-
ning staircase waveform), a sawtooth current 1is
required in the H-scanning coils, A block dia-
grem showing tle Vidicon H-scanning system is

snown in Fig,113.

(ii) The H-scahning period is 6hps, of which Shps is

to be the active scanning interval, wnile the



(iii)

(iv)

(v)

(vi)

\A

remaining 10us for the H-retrace.

The nominal scamn¢ng current amplitude 1is o
be 125ma (p ~to~peak) with +15% snplitude
variation provided by external control.

Centering ability Ior the Scanning is to be

+ 15% of the scanned area width, and is Lo be
provided by external control; thus a2 + 19mé

DC current variation is required in the scanning
coil.

Linearity of the scanning current is o be petier
than 0+3%%,

the scanning coil current is to consist of the
nominal linear toothn current and an externally
generated pincushion or barrel distortion correc-

tion current waveform to result in linear H-
scaﬂnlnb.
(vii) the H-scanning current is to fead a scanning
coil whose inductance is 1«10mH anhd whose coll
resistance is 410, (For tests, however, an
inductance of 1+16mid of negligible resistalice
in series,with a 228 resistor was used to enacle
current measurements to te made).
11.4.3.2 Implemenbabion

As for the V-scanning generator, the H-scannin
current generator consists of a pulse integrator, whose
outpubt is a voltage sawbtooth of the same form 2s the
required sawtooth current, and an outputl stage to convers
this volitage waveiorm ints tne current sawtoobnh and to
directly drive the H-scanning coils., There ars saveral
essential differences however,

(i) Ino bthe Pulse Iubesratpr, the maln Gifference 1S
that a continuous sawtootn and not a stailrcase



(ii)

Fad

waveform is generated. The "pulse" feeding the

pulse integrator is of some 5%us duration, the

active H-scanning duration.

m

The second difference is that no second
input toc the pulse integrator is reguired, corr-
esponding to the O«lus variadle correctlion pulse
input in the V-scanning generator, as H-scanning
correction is carried out hy selectively delay-
ing output video pulses,. ‘

Consequently the pulse integrator is much

simpler than in the V-scanning genersftor.

In the OCutput Oriver Stzge, the essential

difference i due to the amplitude of the scan-

ning current being some 5-10 larger than in the

V-scanning coils. Op-amps being incapable of

}_J

supplying the H-scanning current amplitude (at
least available and "reasonably" priced ones),

a wholly different approsch was required. The
oubtput stage is essentially a voltage-controlled
current generator provided by transistors connec-
ted in a “"common-base" configuration feeding the
H-scanning coils via a 1:1 traneformer, which
eliminates an vawanted DC current, allows the
polarity of the scanning current to be selected,
and makes possible a very simple centering con-
trol.

This voltage current converter 1s fed from
an op-amp summer Lo sum the scanning sawtooth
voltage with externally generated H-p incushion
or barrel corresctiosn waveformsy the op-amp is €0
have a fast "“slew rate" (i.e. a fast, large-
amplitude step response) since the large ampli-
tude output scanning waveform occurs at H-scan-

7

ning frequancies (i.z. 15-0625KHz), where:

Q7

s pre-



1

viously, the V-scanning frequencies were at

I

frame frequenciss of 50Hz.

e

(a) The Pulsa Intesrabor

generabtor. Referring t ig.13%2, th is a pulse
of 56us duration (from Sus to é4us within a 6hps H-scan-
ning interval) Fad from g RE-S 7/F (aot shown), the timing

D Lo 1 ; Lo - : - oy
(1 are guoalhed : (¢ ) 8T s i lne

e
QM’ QS; complete discharge (to 0¢1% of the initisl ampli-
hin some 3-5+kas,
nt active scanning periosd requirsd in 5hgs,
ona

1 2ps above is bto allow for damping of

addicvional Gransients appearing at the output stage in the
scanning sawtooth current, _ g

1

The input buffer @, and the inverter 5 wibh its
"constant stabilized output" is identical to bhat
S 1

N
b

in the

The dmplitude ControlR esistor R.., determining

-
‘3

the sawtooth output amplitude from the integrstor is eval-
uated using expression 11, 7(a).

For AVDZ = 5+6V nominally,
C, = 3000pF,

1
AT 56418 o

sawtootin outpout amplitu

]
\J1
<
4
ct
2
a
<
Q.
D
“»

max

s
M — - -0
A.L . 5'6.56.10 - ~ .91{&

RFQ
5 61 ¢ max 3.10'7.5

-
T
i

B I e } S ~ 1 Al 2 - LK i}
WSy was cinosen at ZZK , The outpub sautooth amplitude
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L

ing fidelity lo- reproducing a sawbtooth, harmonics

beyond the 10th pley an insignificanht part.

A Darlington coanectlon 1s used for g =gty e
minimize the base current drain (&nd hence its variabion)
as Qg has a relabtively low "h. " (= 30). Ffor the partic-

o+

ular applice iau, the transistors zre chosen for a high

o ar is to have a nigh output current capa-
bility (> 200mA) and a medium £o h-power dissigabion
capability (> 2 W); a heat eink is required to dissipate

some 1-54,

The resultent collector current is transformer-

coupled to the H-scanning coils,., For the iuput sawtootn

0
"V ey Oof some 5V amplitude, o appear across the emitter
ax ;

rleiSk Eiiond;

-t
o

44|,ﬂq generate a saw tn emitter current

o

L‘J—;v

0
:‘3
and hence a sawtooth collector current, tae compaund

7 T V.
< (Vg - (g Tunng + Vagaetdl o0 11ad
where “VTﬁét“ is the quiescent voltage o) Qé' emitter,
Ay -

the supply voltage

<

. }_J.‘
w wn
=

<
_n
'._l
B
5]

the guiescent base volta
e

[ I ]

"WVooaMy "Weo, " are the base-
_ s 3236 e 2
drops during conduction.

For a Vg = 22V (the choice of this value is explainacd

il
below) and "J b= Vapopt = 07 Weand "V _ = 5V,

VB<f18'1 V..

Choosing RT = 10KQ and R, = 39K0makss v%a-17-5v nominally,
hich shpuld be chnosan close to ibs maximum vglue €0



minimize Gne power
and slso Lo minimize the reduction

o)
inductance of the primary winding of the coupling trans-

[l

formar T, which occurs when a DC current flows tarough
it (3%86)s this DC current is of course

16, anhd hence the collector
current ( the Darlincton connected

4
transistor is of the order of 107) Flowinz through the

o)
H
i:! .
=
"S
<
Q
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¢t
D)
ot
=
[V
i)

n
[
@
3
™
-
-
n

53¢}
l.-.l 0
<
(i3
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g
Y J

L

and since 2 1:1 hesr ideal tr
n

a
ary c¢oil current is equal to the primary coil current; hznce

a nominal "V " of 5V,

counling transformar is nacescary to
eliminate the DC gquizscent ccllzehor current and znables

¢oil currznt 2nlarity to be selzcted,




wire, Wominally L_ =L, = 1-5H (the primary and
¢

I
of Bl sus

"3
o}

Ios
o

0

secondary conil inductance respectively), bubt with a

DC currenb of some S0mi flowing Lzrougn tne prima

=&

coil, "L " was effectively raduced to 0«3 -

Hence the induct
seen by tne collector of Q63 for a 1:1 transformer, 1is
L. = L + 2L,
Load ‘coil L
= %-6mH

<
o
147]
cr
|~
T
(s
joN
.

when appropriate values are si

In the presence of a finite primary coil

resistance "R ", and a refiected secondsry coil resist-

anhce, "R." and scanning coil resista
) [

—

1ce MR, 4", and with
=]

L
acrosSs the

or

an AC collector current "i W, The voltag

~»

p-D
primary coil (see Fig.,133(a)) is given by,

\Cpeak LLoad » &t * RLoadf 5 bl.11..10
= ip-p i iv-.o + 7.
LLaad : AL T fL0zg° 5 e

. . . WJ11.16(a)
\\]here \JDC = [ &4 s 5 .

L " . - N , ; .
and L =~ 3.6mH, the reflected inductance 1nto primary

| 1 SO 1

coil plus D

t

m
1—
=)
T
O
ck
=
[

"Bio.p" = Lofl,the raeflected resistanc
primary coil plus. MR,
s

)
R M = 15,the primary coil resistance
c

Vythe supply rall v [rage,



avaluating for the above values glves

Also at ™Y i
neax

iee. Vg D17 + Vg

A "V,." greater than some 2-3V is rsquired so that
Ul
Qg1 does not saturate; V.=2 e
—
peak currents of up to 1Usma (12504 + 15

Now scross an ideal inductance (1,2, resistance=

less) there is no mett avarage voltage d ig a periodic
wavaform; thus from the ildeal voltage - time waveflorms
i

across the primary coil (heglecting finite rise ti:

and referring to Fig.. 133(a),
VR e A’11 = VC. ATS - . » . L] L] L[] - ] 11018

where

R

=
i

"AﬂEy 'is the H-retrace time (= 5-104as)

he H-scanning period (= 5hus)

he voltage across the primary coil®
ng 1l ATC”.

oy is the voltage across the primary coil

during "AT."
g "AT,

Thus the voltage-time products during each part
of the .cycle are egual (A1 = 4, on Fig.133(a)) and

r
L
true whebher winding recsistances are included or not,

Including the transformer winding resistances
D

a "R _.," an glectbing vV, s it is of ths ordar of
and "R, ;" and neglecting "V, " (as it is of
OrS,

G
1V) and reglecting the finite response of the transist
f

- N B . o e o oy 9 1 '
- e - i Pt a4 o NG A - e e
Zila UxﬁLiLd d/{b)flebsluﬁ I l .‘)(CL)’ Lias LiIgle 3‘ 1LOWad oL recraca



Facing Dp. 5

E \‘f : o Laad r
A Cmax = V,
W\\\ Mg ¢°

V,
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AN
A - -
i | v =Vn~+ L p-p . R tp-p
% Cmax™ "DC load AT, *Noad” —
| \J Ai = AZ
=60y 4V l ;
il i
Y lf‘}_'_ﬁ \A i
\
- (b} VOLTAGE ACROSS PRIMARY SCANNING: CURREhT l30mA
e |
T / LIN EARITYf»:O.?:-O.A%7
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-65ma
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- 53us —t
i (c) SAWTOOTH CURRENT THROUGH H-SCANNING COIL
R R R, AL

Figure 133, Performance sand “Wavefarms af

Werrafavim Ansrnavatar
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5! is approximabely consbant during “AfL{l.
il . i
V.. 15 nearly eqgual to "V.", 4, beoing
_“25 1 early 1 al . 'VD N “{6 10g
while the volCage atbt the collector of J¢ Ls
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imple scanhning current “centering circuit”
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,“R3“and RN, inserts a DC current of
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1

somie +15% of the nominael current amplitude (i.e. a + 194
DC current), The capacitor "C." gprovides the low imped-
ance AC revurn path for the sawtootn scanning curranb;
hetice no interference febtween Lhe cenbtering circult and
the sawlooth current occurs,

For \+f"l = I-/ l and for dA = RB it can e
easily sghown that

- C o G . 11.20
Fa o7 (3 + Hotia) + 2, (8at+Ra)
Lpoll({ﬁ =M ol A(iD c’
=~ = e S as R 1 on
ol LT yas oo & .. 11.22(2)

For tnes vzives snouwn of R, = Ry = 2304,

the coil, to damp the oscl ns occuring during
H-retrace and at the beginning of the scanning interval.

i .
across an inserted resistance of 228 in series with a
1-16mH inductance representing the reguired H-scanning
coil. The voltage across this sezries L-R was of the same
form as the volt cross the rimary coil (FLé.jBB(b)

put of reduced am
acting).

The overall scanning waveform linearity was some O- - 3.0 4%
The perforﬁance of the H-scanning current generastor is

tabulabad in Table 6.
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11,5, £0ECLION CLA0U.L) SLOGCKS
11.5.1 Cengrsl Azmarks

Viithin thie fessablillty ctudy, particularly in

Chapters 7,3,9, only block diagrams of thes proposed

hardvare implementatlion were givea, W
i [ 7

]AFS ]_G.LJ,IJ_CO '14

u
Integrator’ (£,1.), "“Voltaege Controlled Monostable® (VC!)

fal . A

ith many of the
indilvidual functions performed Ly bloc

=

and so oh,., whe circuits performing these fuactions are
given kelow bub gre described only briefly sinces some

- N PP P N T an 4 P e A
have alrzady been described in ssction 11.4 acovesas bheay

e

form part of the - and V- Scanning Javeform Gen
s

e
while othe uch as the Voltace Controlled iishostsile
-l

—

stable (VC4) etc, ars more fully

c"l
\
(@]
O
i
<
L]
Q
’_J
t_J
[
[oR

and Vol

1.

described 1n Lppendix 13, in short design notes submitted

i
or accented for publication,

The common featurs of 211 of these circuits is

Q

[
‘..J
I\._l -
ct
k Rl

sirplicity, low cost and stall

and independence or near-independen

voltage-supply variabions. Since these circuits control
scanning current am plitude, Scanning current linsarity

c
and to some extent timing, and hence conbtrdl the repeat-
ability of display location coordinates, ouktpub parameter
stability is of paramount imp o)

eliminafing voltage rail var

wn
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2
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=
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)
Q
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han
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Q3
D
=
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O
=
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)
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]
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j9b)
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-
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H

tions in zmblent temperaturs can cause signi
variastions in oubput parameters, ur
zation is briefly treated in section 11.6.3; celng indi-
vidually taillored to each circuit, it is not snown in

most of tnes circuits.
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over RIL,

cost precluded

are not

available Vu

? J
liers as these are becoming less expensive ($15- 20).

TV o m ey = T ) - 1= ¢ “ s = ' T g | H ~ TRk o
Functinsn blocke such as “adders' and YSunmers"
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technigues for us
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11.5.2 Constank Stabilized Lavel Ouboub Cirenit (SSL)
This cir uit, snown sepersbely in Fig.l3%(a)
has been alresdy described in section 11.%.3.2. The
input may be either contin 110us or pulsae inpubs the CSL

invar

output supplies to aPulse Integrabor =z constant level
ted signal which is tempersture and voltage supply-

sristion independent, This 1s due
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Figure 134. OCircults af Standard Functisn Blecks .




raquired to discharge a capacitor to 0-01% of its initial
value, the capacitor prior to a new integration interval

-

is always fully discharged.

-

onbrolled Monostable (VGI

C
The tneory, descripbion,and performasnce of a

Ct using the RTL pL 914 Dual-Input NOR Gate as the
building Bblo is given 1n Appendix A.TE.M.1, wiilst a

1
Appenialx A.13.5; coth are reprints accepted for publication.
The uL 914 version is shown in Fig., 135(a).
The VCi{ 1s voltage ~rall and output-level compatable witn

a
the low level (3-6V) logic used throughout,

The performance curves of the VOM,particularly
of the discrete cormponent version (p. 4.228), show a
linear range (tetter than 1% linearity) of about 8:1 of
the output pulse duration. In sectiosn 8.3.3,3,in discuss-
ing the accuracy required of the" con rol vo ltage/output
pulse duration"relationship, it is stated that bthe order

on
of accuracy T?QUlred is typically of the order of 1-2%,

K}

Since the )] durations define H-disbortion regions for

r.

scanned arsas with only remanent distortions (as pin-

r

1 non-linearities have been,

=t
O]

cushiosn and scanning wave

a
in the main, eliminated),

ot
oy
)
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ct
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or
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to change gradually, and over the heignt of the scann
area, a given distortion region (say the 2.25% - 0-5%

Distortion Region)is not expectad to have mors than say a
3-5:1 widbth variation, as can be seen in Fi ig. 104 8), which
is not compensated for H-pincushion distortion. The above
performance figures satisfsctorily meet bnese raqu

Ia

11,5.6 Volteeg=s Conbrolled asbable (VCi)

a
/O A in
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Appendix A,13.4.1; it is shown in fig.135(b).
The VCA 1s used in The repositioning a i
.video input pulses for obtalning 2 linesr CRT display,
by deriving from btihe VCi, oubpub franuency-veriabla

snlft pulses

In section 8,4.3.2 the requirad fra Lency
7ariation is shown to be of the order of 1.1%:1. The

discussed ia sectlon 5,4.3.8, such trigger or “reset!
pulses are reguired in the VC4 in the above application,
115, Leading and Lazeing Pulse Zdga Indizator (L31)

‘ 2lled a "Posibtive (or
Negative) o
more fully

The L3I 1is required to precisely loca

start and completion of pulse durztions such as the deriva-

tionis of a shift pulse from the leading edge of thae VCA
pulse oubtput or to derive a Lrigger pulse for a VCHM by

detecting the lgggin of the previous VCI ouboput
o I- S

-

g ge
pulse (e.g. as in Fig.116).

=
o
)

-
=
I
68}
o
IK_

'_i
ct
LJ

ound a uLZ14 and produces a
2LV osutoput pulse, of 1less than 50ns duration(fthe measure-
IS 3 J
ment being limlteq by the CRO used of 25MHz tandwidth),
and a propdgation delay between the detected pulse edge
and the output, of the order of 20ns., This is precise
?

-

enough for the purpose of indicabting distortion regions
i} p Iy o =Y b

gince a H-coordinate of a display locution is of some

o

0+162ps duration.



11.5.8 Schmitbt Trigear pr "Curraent" Level Debeschor

4 simple level detector, suibtable o serve as
the "i L1 and
ut

Camera Oulr

k

ed signals, can be ilmplensnted by g simple Schmitt Trigger
circuit build arsund a pL91Y4 which is shown in detail in
Fig.134(d); the Schemabic is shown in Fig;155(&)e iha ouh
put of one o)
input of the other inve0ter, and two exbernal resistors
are added. "RL“ controls the voltage-level separabio
between the "Upper frip Point and the "“"Lower Triop

<y

N\

J
Point" (LTP) (i.e. the voltage le at which the Schmitt
2

Trigger is enabled "on" and "of spectlvely). "R,
2
debermines tne level of the UTP,
It is easily shown that:
—— R. .
TP (Mon')(Volts)m 73 o + Vg e
57 AR o 4~1u0ulﬂ

r{IA//*"C2+"‘-:_?,
RV Be-Y

and
— R~ :
LTP ("off)(Volis)w 7 Vo + Voo 0 2
3 = vl Dﬁag,lcilu DA
Cl1+"5
o L] L] . .11 .22
S nominal Ray 7 B, and Vi . na =
48 nominally Rgy # Rppy afd Vag oup 157 Vag cut off
RS} ™ m
then UIP » LIP,
"y, " 1s nomi y 3°6Vy YV, . " is of the
ICC i ominally 3°+6 s 3% cut in * 2
3 a o~ T oapnAd e R = 1R¥2 1] & Iy P S
order of 08V, and if R,=0, "Vgu ... ;4 Sets the minimum

Urp,

The Schmitt Trigger above has Bzen successively
tesbed for frequencies up to 16Mdz. 1Its ou
at around 36V need be attenuated by the simple potential

divider, to directly drive otuer il Falrcaild logic,



In the ssctions dealing with Pincushion or
Barrel Distortion Correction in the Vidicon and the CRrT
(see, for
B"Current &

sing or deflaection coils, with signals of up to 500mA

[@H

anplitude belng raquire

A current amplifier capable of celivering uo to
e

several hundraeds of mas  hes bzen descriped 1n section

11.4.3,2, being the transistor 25y Qg in fig.132,
connected in common-tase configuration.

Alternatively, current amplifiers formed Ifrom

o A

either metched discrete PUP-HNFN transistors, or o-obainable

in an IC form, and joined as a complimen tary palr working
in Class 3B operation,can be used, They can be used either

directly as a series amplifier, or can be inserted within
the feedback 1lodop of the "R," resistor .of an Op-amp (as
the V-scanning colle in Fig. 20) o effectively result in

T

a"High Output Current Op-ampl This is shown in Fig.135(e).

11,510 Voltage ud”bll S

Several voltage supplies are reguired neamely:

(i) "3z-6V" for the RTL logic (AND., OR-gates,R-S

(ii) "+ 14y" for the recommended Vidicon Cemera

circuits voltaze supnly rail (e.g the video
amplifier), and for the positive supply of the
op-amps, and the Centering Circult of the V-

scanning wavelorin Generator.

(iii) ™~14V" for the negative supply of the Cp-amps
and the cenbtering circuit of the V-scanning

Wavefora Generatcr.



(iv) "+ 8V and w.8YY for the HC 1520 H-scanning
J")V‘G‘_Jﬂd "\p_dmj 'SU_:N” el ahna ne ¢or: onlldizlz
Cen z Circuiv,

(v) M“+ooV® for the H-scanning Current smplifier,

transistors,to give the above volbages, The “-35V" supply
2lso supplied the voltage rail to cimple pulse amplifiers
to generate adequate amplitude pulse signals to provide
the H-~ and V- sync. pulses to directly time the H- and
V- scanning circuits in the CRT during btzsts (see Fig. A,
2.2).,
A separate 3-0V,3 Amp supply for the KIL logic

-

L

:rnally by 0% 1 2. 47) . e
2rnal ¥ ooy _‘|_'_1\);o about 2 Q.j) was also
C ) nal

oltage regulator and a pre-regulator), 1

stabilized by diodes, whil

by Ycommoti earth wi
o)

full losd regulatl
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hes thras

1,

(1) To provide the control timing signals for the

Ve and H~scanning waveforms in the Vidicon

~

Camera and CKI Disolay.

(i1) To provide certain conbrol timing sighals for
the H- ahd V- Correcition Circuits

Vidicon Camera and CRL Display.

(1i1) To provide the H- and V- coordi

y- display coordinafasg) o7 the grapnlcs ianforma-
tion display locations for C2U I/0 reguirements,
wnetner CrU-reguested or user-specified,

11.6.1.1  Fundarental Timineg Sisnzls

e basic btining interval in VIDICGRAPHIC is
AL o 0-162ps, where " At" corresponds to the time requir-
ed for the scanning electron Bbeam in the Vidicon or the
CRT to travel bebtween two adjacent display locations;
value of " At¥ is for a 200 x 200 addressable grid display,
implenented on a T
standards or difier
ALY will diffsr; its value 1is disc
However,to enable H-c 0
pulses are required
(see section 86.3), wnich require a period of -
thus & more "pasic" timin
fraguency of =% =

ator at this

The other basic Liming signals raquired are bthe

H=scanning line freguency o

[es]

duratiosa of 6hus),and Lhe V-fisla
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50Hz (a V-field duration of ZQms),

(LI T - r . - B . I S = W) cCR O
the basic lrequency of 1z-350iHz 1s dividaed

Nolle an s ey a s ] DA ST TIT, pmiacinl o
79), then a freguency of 15.027 Kz results,

by 790 (#2353 5

nearly equal §o the raguirsd d-iine fraeguency (giving a
H-line duration of &% 003us).

Further dividing this resulting H-iine freguency by 312

sz e O e sy T e T e 17yt s
= Brs U-.—IJ) gives a V-Trane Ireguency DL

(corresponditiy to a frame interval

o) o)
to obbain the H-line freaquency and

l-«
e

N - B i RN
) countcer(tine "W-Counte

suitable inoub wavaform tTo Tazd The counte d
by feeding the essentially slcusoid crys

wbers or Fra:

r~
3
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ntially are' + 2"elementsy when connected
i

previous F/F stages, +3,+5,+ 7% ebtc dividers are obtalned.
Connecting these in series in tne above combluﬁfions, thie
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at any instant be in one of
r simply *1" or "0O"), and for any number of pulses inpul
the H-Coanber, say, froa O to 790, a unijue combina-

1 1

ol
tio £ w/w stabes exists, whicih msy be rzac 0ii &
b—.\/n oL L &S 504aCes E'{ls x—‘, WL G Hl_,«u [ = .
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Webate table", which is a

numper of i‘put pulses and



these technigues are well known). HEach such “state nunher"

can pe decoded and associated wibii the number of input

pulses fed into the counter after some inibhial counter state
(

Since the interval ol WALH

ounts) is

‘_\
Y
1¢5]
R
D
S0
[43]
[oN
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(@)
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Ty
(et

associgted wich the Scannlng bBaam trav
display loc:tiocns, thne position of The Bezua, and thus the
position o i point 6 en by the state

positisn of the heam is the vertical directlon
Thus the H- and V- Counbars in addition to providing the
nals from the fundamenval Llniag source
i

E~ and V- timing signa
can, vy sultable decodi

7

{or "x'

106, 108 and 115 show tha raguired timing
and conbtrol signals reguired to define the various time
intervals within a H-line or V-frame during which correc-

Specifically “THS", the H-3la ng Start Pulse (and H-line
Start Pulse) and "TSS“ the V-Scan Start Pulse (se2 Fig.10d)
are derived by detectiug bthe lagging edge of the "O' ouipub
fran the final stage of the H-Couuter and V-Counver,respec-
tively, by a pulse Lagging 8dge Iadicator (L3D). “THS“
corresponds to ous of the dims H-line durabiosn, and "Igg"
corresponds to Oms of the ZO0ms V-field guration.

To obtain a biming countrsl pulse within a H-linhe
or V-field interval, for example, "T;.", bthe "H-Blanklng
#nd Pulse", occuring 10ms after ”THS"7 the followihg matiod

10ps =123, b = 123. 081pus = 9.953us,

bhen the 123-rd pulse zfter the pulse corraeponding Lo
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U here are DT locations
dinate). & suggested decoder, would consist, say
.

] P ey ey T
mod(200) counber, snacied

?
v w ey ! 3 f‘ ) Tre Ry 7+ - T
wholen 18 Iesg gvery alderhate

C
sny vulse 1lua straigh

i
e
¥
ro" origin btakann abt the left~-nand
o)
g

is achievad, with the cosrdinate of the upper 1
al; = a ol Ao - 2 ~ A 7 1 \ - 2 e la =
of the display (beginning ol the H- and V.scan) correspond-
» CPN L PO , = ! > : Lot ey . SOOI g S
ing to5 the initisl nurber storsd in tne H- aha v up~dovit

Whea data from the CPU 1s bto be displayed, tne

display data need be ordered [irst vy magnitude of the
Vertical coordinsce and then, for each Vertical coordinate,

tne

time




selected by tne user Ffor further vrocessing, and this is
ete T I T TLecior See 8§ LY,
[SARCICAVES) SIS ection

ta

ad pvy the ”iL.“ Current Level D
n

re inpu i1,5
11.6.1.5 General Remarks
iio greater detzil than this need be menbioned
nere,as the technigues for ilmplementing such decoding
counters and functions are not new and are coveread in
most textbooks, The point to remsaber is that the H. and

t
V- Coutibers Ykeep track® of the scanning elactron beam
e v n

py the elapsed tim val From a given time insta

?
the position of the beam being known at bhat lostant) this
Winstant® 1s btaken at the begianing of the H-line or V.-
field,or else at the upper left nand corner of

display area., <in
e

C
is linear, this ela v gasure of bLhe
distance from the initial beam position, and nence the
counters "keap track' of the coordinzbtes of the electron
beamn at any instant. The H- and V- Counters taus give

the scanned area
and by tne 1:1 ge I
scaniled arza and CKL disp
displayed location or any user-inpus signsl

the H- znd Ve Counber counts with CrU input coorainstes,
g

vy EY
The presen

Current Level Detect

QJ

e

isplayed location,and by using the “iL‘d

D

smple the H- and V- Counter counts (
ezulraleﬂt ), the display location co
i

read out 1h binary coordi

The presence of an output pulse from the ”iLZH

Current Lzvel Detechtor iudicstes ¢lsylsy locations
i

inbed=to by bGhe user for further processing,

o
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Fa

would hea2d e fed int

to i
NOR gates are ussd, ths complents to the above are fegd
: _

two and a half uL 914 whose oubpu

This follows from the identity

A.B.C.*" A+ 3+ Cte--

(AND~function) (NOR-function)

I

o

ce of this 33rd output pulse is detected

o
by a LEI; and this detected pulse gives tihe required Lﬂ;
At
Other timing signals ars obtained in a similar
fasnion.

Only the timing control signals defining the H-
and V- blanking signals werz required as tnese were ade-
quate to define the H-scanning sawtoobn and tne V-stair-
case scanning waveform., Other timing signals were not

ime precluded the building of the H- or V-

M
54
[ary
fum
[
(e
o]
oy
o
C
T

Corrzctinn Circuits ete.

11e5.2.2. The Timing Svstem Crystal Oscillator
The basic timing source was a crystal controlled
; 3-67 voltags

version of thas Clapp Cscillator (330), with a
supply-rall (the same as the RIL Logic v
used) ,with the crystal fraquency at 2:2971h + 0-00002 MHz.



“H-BLANKING START PULSE  V-SCAN START PULSE {
THs <e—f LEI - Tgg— LEI §
. 15596 KHz.| |, 4998THZ
Y | —
o<, | o5 |
20 UL 914 z5 uL914
397 i v oL NOR GATES
8:29714 ViHz 2 = NOR GATES ﬁz 6,-*— A
CRYSTAL = Qe EE"”
CONTROLLED | — & T W T E 3
. I > . 3 o - A i
OSCILLATCR S 1= 5 @5 '
i » Pl B . 0 Y ) 5
(133 = 3{=8){F 13

o ] e B
“~532 H-COUNTER OR "-=312"v-counTer OR
8 Voc J_FREQUENCY DIVIDER FREQUENCY DIVIDER!
2
PReser, ~ TO DECODER INDICATING TO DECODER INDICATING
RN H-COORDINATE V-COORDINATE
FURCTIONS
y: il e el (a) BASIC SYSTEM TIMING AND CONTROL
t=n =n+l (b) UL 923
H H x> THE
H H X IS THE OUTPUT STATE

L
L H i, - 547 miMEn H-BLANKING
4 LANKI

x EnD puLsE S _LE! l
FS;E

N

f H=HIGH  L=LlOW

IN
36V 8-29.niHz

( 33RD PULSE)

N Y T L T D I L e T s e T o e T

L

u
TO PRESET (132ND PULSE)

! (c) H-COUNTER (OF ul923 F/F S) o
i ) ‘ H-BLANKINGQ‘,, LEI
Ji{WITH DECODING OF Ty, o AND Ty TIMING PULSES) START PULSE

N T T S T T S O T R R N R

Fizure 13%6. "VIDICGRAPHIC" Timing and OContrel JSystem ,




Briefly the Clapp Cscillator is a Colpitts

Oscillator with the tank circuit inductance replaced by
a I’eSDuaﬂt I.IC Qerl—'q Cl""Ult; i the _]itci]_ V‘ersion, tjﬂe
LC series circuit is of course Lhe equivalant LC series

Va1

circult o ne crystal, The feedback capacitances 4

5
HC,. M are sel

Z 05 equivalent series

i
ry mucn larger thzn the egquivalenl crystal
1

v a fraction of a picofarad).

The virtue of a Clapp Oscillstor is its extrenme
stability for variations in supply voltage
etc, A discrete "LV and "C" component version was designed
working at & nominal frequency of 5 lHz, (the other compo-
nents shown in Fig.137(a) remaining aporoximately the

same); it had the following characteristics:

M0

(i) % frequency variation over 1 hour = x0-007%

(ii) % frequency wvzriation for a +1% variation in

"4

sup,ly voltage = -0+ 002%

(iii) % freguency V&?JatiOﬁ when the hot soldering
D

tip was held near the transistor §, I

The crystal version showed a variation of
+2C0Hz in 8-2971LHz at room temoerature,which is a

g

negligible + 0.00025% wariation.

pubtput across the crystal is a slightly
i




Trigger on and produces a 36V at its output for a short
duration. The feualtlng output squere wave of 8.2971hiHz
sits on a DC pedestzl of some 0-3V, The oubnubt 1= tappe

(%4
rom Lhe poten

i tial divider, which ra2duces thne possi
of switching the fir ¥ e H-¢ ounter by

iming and conbrol sigoals are derived from the
1led oscillator which,as seen sbove,is for
our purposes independent of temperature and supply volta
i ence timing control signals sre similarly
temperaturs and supply volbtage wvariations,

X

On the other hand,H- and V-coordinate RDistorticn
ion of CRT

1

Cor rectian, whether carriad out by bthe relocat

splay locations using a V.C.4,o0r e
of H-corraction intervals using a v.C.HM, 1is dej
ambient temperature and voltage rail variations, as Lie

at
expressions relating output freguency or output pulse
SU

duration contain temperature dependent Lerms and supply
voltage Larms,
The nett effect of tempzrature and velbage

variations in sucih circ: K on the type
of circuit, bub,to some extenbt,on the component values.
This is parbicularly true in I/Cs where the various
resisbors egtc are within the chip and of = a masbtarial such
that typically a resistor may lncreace by 0-2% of its
nominal value for esch C° rise in tamperature.

N
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SCHMITT
TRIGGER

QQy=2N 3643 = TO H-COUNTER

(a) CRYSTAL COMTROLLED CLOCK (CLAPP OSCILLATOR WITH SQUARE WAVE OUTPUT)
|

CONTROL VOLTAGE B VCCT 36V
7 OA 202
y R; R
BB C2 7
Reig ook 18K i
39 OUTPUT

TRIGGEP

i — T 920
/'-—--—-4

—) < DURATION § P
pu r %06V Vp
>l 1K =06V i

C @
Q
o

i
~ (c¢) MODIFIED VOLTAGE |
(b) VCM REQUIRING TEMPERATURE COMPENSATION SOURCE Vb {
e N
‘Y‘DA xt o
-E&Z-DB D
- N O . R
R N _
VE') g
R s
: .2 2 # DYNAMIC IMPEDANCE §
70 5 (DIODE ‘ALONE)
"’f; 2 S
D a —
I z =
8*‘:..:,_;.--.’“.#!’#-\ 4

Av& A\’éi VOLTAGE ACROSS DIODE

(d) GENERAL TEMPERATURE
| COMPENSATING VOLTAGE SOURCE (e) NOTATION

FPigurs 137. Stable Tining - OCrystal Csntrclled Oscillad

and Tswnerature Jcocmpsnsatsd Cireults.
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yoA frequency or VCH subpul pnlse duratlon. These effacts
heed be minimized or ell

which
circulb of Ge giodes, <The metnod given here,

for a given circulb, appliss in
1gsses ol circuibe; each circuilt must
otimum resulbs, due bo the

o
in component values the use of

indgividual variaclon ,
gifferent supply 7olbages, and also the significantly
gifferent ¥ mperature coefficiants of transistors, even

Ls an sxample tie yC.i shown in Fiz.,137(b) will

o
U)
U

pe hemperabure comped -ed 3 1L LS reproduced from

Lppendix A.13.5 where its operation 1s fully described.

_‘

From expression (2) (p.k.222) the sutpub pulse

qurabion "I," 18 given by

B2l 1 - 1 . 7 - Vo
Ty = Tagte (Tin c3 sab 4,)-("B3 sat 3% cut in)Qh
i [«
oL ~ e -
‘d:j' "-I(Jr\ sl V > 1, % - "[B
T3 N
Neglacting compoiient value variation with
tamperaturs, and supply voltage yarisbion, bthe signific
voltage changes due to bemperature are
(1) in "Vaip", the bace-emitter veltage of transistors
1o -
| ~ L Ci_\]— T o~ A D{"(
decrasses 0¥ er/ Cyle2e D = —4mf/ C.
D

Differentiating the above expressio with respgect
)

o]
—
—
O
o N

to NIV, thne temperature, rasults, after rearranging, in



o
i
c
]
wn
a8
I

Y

1
cutin = " BE Sat)“Z

= 5
O,\\/T‘,-'li_‘ i [ ] AT
IS L) Qs
1:‘10 P ~'
O__!- ® - '3 . . . - - -1 i o ZL!'
\]- i — u”j Y =1 \/n
CC DAY 5 B
-
f - . r :D ~ D,
For a change in temperature AT Nof sasy 20°C

I R

and substituting the above values for" _Ca" and _ 34 ,
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N
ct
<
)
2
1]
N
N
\:\4
=<3
i
®)
ON
<y
[3%]
)
O
-
@
2
=
o
GQ

|45}
m
55
o
-
\»

Ain povipus method of reducing the above varia-
P AV TN
tion is to increase "V..'", to say + 14V, which is an
availasle volta tihis would reduce Ghg above varia-

=06%, This valus could

ad, hto minimize or fully el

i
2ture vsriation even with low level vcl
t. An example of this was given in the Constant

ed Level Circuit (section 11.5.2) where the series
diode and Si diodes compensated for the temperature

variation in a base-emitter Junction,

ten
[
[@N
0
(@)
3
[
L

b

[4)]
o
ol
N
4]
2y

Temperature compensatlion describs

on the introduction of Si (or Ge diodes) in certain parts



568

cuit, to effectively give temperature-dependent
voltage sources, which, when ins
governing t

o)
temperature dependence.

For the above circult, if the volfsge source

"VB“ is replacsd by

then oh supshtitutilng

g 1 P
results in a naw value of tne denominat
S D

to HVCC = VT"’ independent of btem

"VéE" is effected by using s diode or diodes. The actual

nunerical value of "V} ;" is not important; of importance

is the fact thnat the voita drop across a conducting diode
D

has a very ei

i c
emitter junct r of the same materia

o
P
-
L]
[eh]
E

lLtage drops across each

element arz &

Consider the network shown in Fig.137(d consist-

ing of a numbar of diodss and two resistors R1and R2 (500

| i
provide somes voltage "Té at the point shown, It is re-
gquired that

A=zl T
O.Vr% = - dl’r;\ )

D’ e __*_:-_J__:"j * L] L . * - - - - [ ] - . - 11 026
dar 2D

The following relation holds:

X%C = AVAi-AVB*-...AVN-+AV1-FA72+-...AV

n

+ I(R1 + 32 T, b Tyt el ot IyE Tot.LlT

e o« « 11.27
dified" voltage
de (see Fig.137( %))
£

he network,

where " AVA“, g ol AVH" are the "mo
drops across t

W is the current throu



Hr n

and as +ee'r," are the dynamic resistances
of the conducting diodes (the slope of
the I vs. V curve of 2 diode) and typically
equal to some 5-10ML.
Also '
A V., + AV, ¥ ... AV + IR + v, + ,..r.)
I3 A, g W + NS F oy Ty
a . . -11.(_8
And for £1 diodes of the same type, and a B-E junction in
a Si transistor,
\ T Vo
aé_l ;éi; =. .A n= cmf/ c = & B
7% ar® a1 ® ar®
. ma . . . - N T I o
Differentiating expression 11.27 with respect to T
gives, N n N.n
1 = i ki o . B Lol
dVee = 0 =§ I TALE R § :aAfl,-l'_Q.:L (Ryrrpe
ar® el g7 0 ar®  g1° ek
A 1 hlc)dl
N n 3 - o(¢11.29
from wihich —
2 Y'. !?'-
4L o == ddfk_k dﬂ.l
o0 1 an0 T %m0
dTO £i ':q_.L fallh .. . 11 .29(
R, + R
1 2
N,n
if it is assumed that R1 + R, :2> E Ir .
|—|~J l
.,1
Similarly differentisting expression 11.28,
n
v -\ -
o Ay v+ a1 LR, .o . 11.28(a
ar® - i at®
n
if R~ b ..
* f>>§ : i
1
Substituting for® 31 " and rearrancing gives,
daT o



347,

ar®

J']"‘D

acove circult,

expression 11:26 )«
.26
also reguired to be

N=3 and making.R,=2R

1
expres 11.25

expression would

some

be

]

N

sion

this is to ne

Clzarly if
satbi
0+6V or thereabouts,
satisfies tnls reguirement
The voltagze at ”Vé

c - BAVD) :.1.&3'6

tin

:Rg,
"V'. n
3
Putting
and

becomes

sfied, However 1

0

S

n

" thus

18) ~ 0

3

g Si dionde = 06V,

_ANV. ~av

=~

[E]

adjustments"
coeffician
tor "R" in parallel with a dionde

P

efficignt then bacomes

.
anr'y
ar®

.aavg
i
Using

I "‘v‘ 11
Vo

ar®

such modified "diodes"™, th

id

t

can be

=)

compens

to tnhe
diode can ke obtained

2
o

For precise temperature

changes due
o that the
1ox

"V,

to temperatu
subsequent temper
w for component value var

1%

r

pu|

at® a

effective temperature

o

y placinhg a resis-
The nett temperature

small variation due to

ed for partially.

compensation, the actual
i

e

IJ_



factor of 5 - 10 over uncompensated circuits have bdezn
measured, £for bthe above circuit, in the input wvoltage

range “V. ” oxi) 9V, a variation in output pulse dura-

4

59V,
= A .
tion ot Ar and x 0-01% / 1S been obtalned, This
e

- F0 )
O-1%g C for the uncom gvn-

: GRS > B
compares witn an aversg

the Quty

These compensated circult temperature variations
fall well within the tolarable acc v reguired in ths

e e
VCA and VCM, " Thus these simpl
works are more than adeguabe ©

operation,

1.7 CONCLUDING RIMARKS

4s mentioned previously, time and lack of funds

pracluded the building of a working model of"VIDIOGRSA PHICY
Uowever the major protlems concerning tha physical rezliza-
tion of "VIDICGRAPHT

using avalilable r
and techniczl

?
certain subsystems o “VIII“”;)H{IO

n
tions of Viadl
of Vidicons t o)
provided that the intensity and persistan
ation is adequate and sultable, "d"-pho

t

projection tubes meets

Commercially available Schmidt. IV-Projection
receivers with viewing screens provide the corrsct nescessary

i

optics system to enable the implementation of *VIDIOG RAPHICK

3
ja
[5)
[62]
)
h
n
T
in
(o]
3

thods for providing a "steble”



quirement in"VIDIOGR&PHIC!

e
ed in the main only on paper, should provide

no lericu1ty. The means of mezsuring precisely the CRHT
display and Vidicon scanned zrea distortilon have Bzen found,
describtedyand implemented, From such Molre Fringe meszsure-
ments, tne display di il

Y stortions gxpressed in a graphical
form are of the corract on

screen areas Lo pa usad

Correction Information is by TV scanning directly. Tha
major H~ and V- Distortiocn Correction Subsystems, to
interpret tihis Distortion Information and to implement the

(Gtofialc ; t !
necescary spaecificavions. Jxpressions Lo correct for pin-
cushion or barrel distortions have been derived,to further
result ian a linger, staole display.

A Vidicon H- 2and V.- scanning system has been
designed and tested; it enables gll the above corrsction
inputs ete to btz implemented. The CRT H- and V- deflection
system reguired is essentislly similer.

As indicated in the Preface, The "biggest unsolved
problem (in Man-Compubtar Graphics) is to build a lou-cost
display device suitabls for on-line graphical use" . The
ever-increasing importance and nesd of Mazn-Computer Graph-
ics, as described in Chapter 1,reguire a speedy soluftion to



techniquss used to implement the hardware for an IGC and
the reguirements necessary of such an IGC, indicates the
complexity of the pgroblem and also point to the resu

I re

high cost of currant IGCs The

'—J
o
W

mainder of this Thecsis
puts forward the concept af"VI)IOu?‘PHICQ and explorss its
feasabi

shown ©

ity and implementatlon. It is hoped that it was

a
at"VIDIOGRAPHICY could contribute in some way %o

S

solve tnis urgent problem.

Much work needs to be done, particularly in the building of
a working model., Resolution and display area size and
addressability would need to be increased to at l:ca

512 x 512 grid. This work must be left to obthers. Bu
this report, of necessity lengthy, covers and puts fo
splutions to most of the problem areas envisaged; it 1is
hoped others will take up this promising espproach t
solubion of the problem of resalizing an economical

Interactive Graphics Console,





