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3,131,256
FELECTROSTATIC-WRITING SYSTEM
Husgh F. Frohbach, Sunmyvale, Calif., assignor te Stan-
ford Rescarch Imstitute, Palo Alto, Calif., a corporation
of California
Filed May 31, 1962, Ser. Neo. 198,817
5 Claims, (€L 178—6.6)

This invention relates to electrostatic-writing. systems
and, more particularly, to an improvement therein.

Electrostatic-writing systems of the type now known
and in use constitute an arrangement for depositing elec-
trical charges on paper in a pattern which represents the
intelligence desired to be. written. Thereafter, a toner
powder is dusted onto the paper. The powder adheres
only to those areas of the paper wherein there is an elec-
trostatic charge. Toners dispersed in a suitable liquid
may also be used. ~Thereafter, heat may be applied to
permanently fix the powder to the paper. Thus, the in-
telligence which was initially conveyed to the paper in
the form of a charge pattern now appears as a visible
pattern.

Various arrangements have been provided for deposit-
ing electrostatic charges on paper in accordance with in-
formation received from signals. One system is to pro-
vide a delay line, from which many taps are taken from
different' points along the delay line. These taps are
terminated as writing styli above an insulating paper,
upon which it is desired to deposit an electrostatic charge.
A bar of conducting metal is located on the side of the
paper opposite to the side to which the writing styli are
brought. Thus, the paper is moved between the writing
styli and the back bar.

A pulse is applied to one end of the delay line. The
amplitude of the pulse is such that, in and of itself, it will
not cause an electrostatic discharge from any one of the
styli through the paper to the back bar. However, a sig-
nal can be.applied to the back bar, having an amplitude
such that, when it is present simultaneously with a pulse
on any one of the styli, an electrostatic discharge will take
place. By synchronizing the application of a pulse to the
delay line with the time of the application of a signal
fo the back bar and the motion of the paper, the charge
pattern can be laid down on the paper in a manner to con-
vey .intelligence information.

One of the problems which arises with a system of this
type occurs when it is desired to increase the number of
writing styli so that the writing density is increased. If
the number of styli are increased, it is necessary to in-
crease the number of taps made to the delay line. How-
ever, then it is mecessary to insuré that a pulse exists
on only one tap at any instant, which requires a line
which has a delay-to-rise-time ratio equal to the number
of taps. At present, the maximum number of taps avail-
able on lines having delay-to-rise ratios equal or greater
than the number of taps is on the order of 100, and
these are expensive. Lines having 30 to 40 taps are
readily available at reasonable cost.

An object of this invention is the provision of an
electrostatic-writing system ~of the type employing a
tapped delay line, whereby the number of writing styli
employed may be increased without an inordinate in-
crease in the cost of the system.

Another object of the present invention is the provision
of an electrostatic-writing system of the type employing
a tapped delay line, wherein the number of writing styli
which- are driven may be increased without inordinately
increasing the complexity of the writing system.

Yet another object of the present invention is the pro-
vision of a novel and unique electrostatic-writing system
of thé type employing tapped delay lines.

Vet another object of the present invention is the pro-
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vision of a movel, simple, and inexpensive electrostatic-
writing system for depositing electrostatic images of
alphanumeric characters on dielectric-coated paper in
character-sequential fashion.

These and other objects of this invention may be
achieved in an arrangement wherein there are provided
a first and a second tapped delay line. A scparate, elon-
gated conductor is connected to each tap of the first delay
line. These separate conductors are positioned to be
parallel to one another and to extend in a plane along
one surface of a dielectric-coated paper on which it is
desired to deposit electrostatic charges. A separate, elon-
gated conductor is connected to each tap of the second
delay line. These are also positioned parallel to one an-
other, and substantially in a plane, and extend at sub-
stantially right angles to the previously mentioned elon-
gated conductors on the side of the dielectric coated paper
opposite to the side which is contacted by the first group:
of elongated conductors. Thus, effectively, the two sets:
of conductors define two opposed planes, between which:
the writing paper is moved, and which two opposed planes:
define the region at which electrostatic charge deposition:
occurs;

The arrangement of tapped delay lines and writing con-
ductors may be operated in many ways, but one which is
suitable for use with video signals enables the application
of a pulse to a conductor attached to a tap in one delay
line, while a pulse is applied to each one of the conduc-
tors attached to the taps in the cther delay line. The po-
larities and amplitudes of the pulses which are applied
are such that no discharge for depositing electrostatic
charges occurs between these conductors unless there is
also present a third signal, namely, the video signal. Thus,
a scanning action is achieved across the region defined by
the two opposed planes, and charge deposition may take
place in accordance with the information contained in the
video signals.

The novel features that are considered characteristic
of this invention are set forth with particularity in the ap-
pended claims. The invention itself, both as to its or-
ganization and method of operation, as well as addi-
tional objects and advantages thereof, will best be under-
stood from the following description when read in con-
nection with the accompanying drawings, in which:

FIGURE 1 is a circuit, schematic diagram of one em-
bodiment of the invention;

FIGURE 2 is a circuit, schematic diagram of a second
embodiment of the invention; and

FIGURE 2A is a detail of a fragment of the elongated
conductors of FIGURE 2.

Referenice is now made to FIGURE 1, which shows one
arrangement in accordance with this invention. There
is shown a first multitapped delay line 1¢ and a second
multitapped delay line 12. The delay-line shield 18A is
connected to ground.” A separate, elongated conductor
14A to 14N"is connected to each one of the taps on the
multitapped delay line 18. These conductors are ar-
ranged to be spaced from one another, to be parallel with
one another, and to be substantially in & common plane.
As shown in FIGURE 1, these conductors extend in the
direction of travel of dielectric-coated paper 16. These
conductors are in contact with the surface of the di-
electric-coated paper 16.

The délay line 10 is terminated in' the characteristic
impedance 18 of the delay line 19. The other end, or
input end, of the delay line 10 is connected to a nega-
tive-pulse generafor 20. The second muititapped delay
line 12 also has a plurality of elongated conductors, re-
spectively 22A through 22F, associated therewith. A
separaté one of these elongated conductors is connected
to a different tap of the delay line 12A. These conduc-
tors 22A through 22F extend parallel to and spaced.
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from one ancther and substantially at right angles to the
conductors 14A through 14N. These conductors 22A
through 22F are substantially in a plane and are in con-
tact with the bottom side, or side of the dielectric-coated
paper opposite to the side being contacted by the elon-
gated conductors 12A through 14N. Thus, effectively,
the sets of conductors 14A through 14N define one plane
and the sets of conductors 22A through 22F define an
opposite plane, and the dieleciric-coated paper on which
electrostatic charges are to be deposited is positioned be-
tween these two planes and in contact with both.

The end of the delay line 12 is terminated in its char-
acteristic impedance 24, connected between the end of
the delay line 12 and the shield 12A. A positive-pulse
generator 26 applies its output to the jnput end of the
delay line 12 with respect to the shield 12A. The am-
plitude of the output of the negative-pulse generator 20
and positive-pulse generator 26 is established at values
such that, even though they are both simultaneously
present at opposed elongated conductors, no electrostatic
discharge will take place unless there is an additional
signal present. This additional signal is derived from
the video amplifier 28, which amplifies video signals from
a source 39, which are applied thereto. The output of
the video amplifier is connected to the delay line 12 in a
manner so that the potential of the entire delay line is
raised above ground by the amplitnde of a video signal.
Thus, this video signal and the positive-pulse generator
output are combined and, in the presence of a negative
pulse on an opposed conductor, a discharge will occur
therebetween, during the interval that all signals are
simultaneously present.

The delays provided for the delay lines 16 and 12 are
such that a scanning action will take place. A pulse
applied to the delay line 10 will be delayed long enough
so that a pulse applied to the delay line 12 can completely
travel therethrough. In this manner, a pulse applied to
the delay line 10 will hold the elongated conductor 14A
al a negative potential with respect to ground, while
a pulse applied to the delay line 12 is applied successively
to the elongated conductors 22A through 22F. The
pulse on delay line 16 then is applied to elongated con-
ductor 14B.

A second pulse must be applied to delay line 12, so
that it may be successively applied to the elongated con-
ductors connected thereto while the pulse applied to the
elongated conductor 4B is present. Any signals received
from the video amplifier 28 cause an electrostatic dis~
charge to occur between the one of the elongated con-
ductors 14A through 14N and the one or more of the
elongated conductors 22A through 22F, as determined
by the interval during which a positive and negative pulse
and a video signal are simultaneously present on these
opposed conductors.

It will thus be seen that the delay of delay line 12 is
equal to or less than the delay per tap of delay line 10,
and that the output-pulse repetition rate of the positive-
pulse generator 26 is equal to or greater than the product
of the output repetition rate of the negative-pulse gen-
erator 20 times the number of taps on delay line 19, to
which elongated conductors are comnected. After a
complete scanning action has taken place between the
two planes of elongated conductors, the dielectric paper
is moved to present a fresh field for electrostatic charge
deposition between the two planes of conductors. Means
may be provided to synchronize the pulses provided by
the respective pulse generators 20 and 26.

The system described in FIGURE 1 is operative.
However, difficulties arise when it is desired to obtain
a resolution, for example, in excess of 100 lines per inch
across an 8% page. This would require at Ieast 850
taps to the delay line 10. Furthermore, in order to
insure that the negative pulse exists on only one tap at
any instant, it is necessary to obtain a delay line which
has a delay-to-rise-time ratio equal to the number of
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taps. At present, the maximum number of taps avail-
able on lines having delay-to-rise ratios equal or greater
than the aumber of taps is on the order of 100, and these
are expensive. Lines having 30 to 40 taps are readily
available at reasonable cost. One method for obtaining
the equivalent of one line with 850 taps would be to use
22 lines, each having 40 taps with repeating-pulse gen-
erators between them.

FIGURE 2 presents a practical sclution to the problem
postulated, which requires far fewer delay lines and has
great flexibility. In FIGURE 2 there is provided a first
multitapped delay line 40, a second multitapped delay
line 42, and -a third multitapped delay line 44. As in
FIGURE 1, there is provided a plurality of elongated con-
ductors, but this time the elongated conductors are di- :
vided into groups of elongated conductors, respectively
46A through E, 48A through E, 50A through E, and 52A
through E. A different one of the elongated conductors
in each group is connected to a different tap on the delay
line 40. Thus, to the first tap in delay line 49 there are
connected elongated conductors 46A, 48A, 50A, and
52A. These groups of conductors are positioned adjacent
one another, substantially parallel to one another, and
in a common plane.

Delay line 42 is a multiple-tapped delay line, and a
different one of a plurality of conductors, respectively
54A through 54E, is connected to a different one of the
taps of the multitapped delay line 42. These elongated
conductors 54A through 54F extend paraliel to one an-
other, in a common plane, and are substantially at right
angles to the elongated conductors 4$A through 52E.
Both sets of conductors define opposite planes through
which the paper 56 be moved.

A third set of elongated, spaced, parallel conductors
608A through 69G are provided. These extend substan-
tially parallel with the conductors 46A through 52F.
'There should be at least as many of the conductors 69A
through 690G, and preferably more, than there are groups
of conductors 46A through 528. These conductors 60A
through 68G are notched so that they may be interleaved
with the elongated conductors 54A through 54E. These
conductors are supported therein in & manner to be insulat-
ed from the conductors 68A through 68G through the
notches of which the conductors 54A through 54E extend.
FIGURE 2A shows a section in detail of the elongated
conductors 54E and 54D and the notched conductors 60A
and 60B. This is presented in order to illustrate the effec-
tive interleaving of these sets of conductors. A different
one of the conductors 68A through 68G is connected to a
different one of the taps along the multitapped delay line
44.

The delay line 49 is terminated at one end in its char-
acteristic impedance 62. A negative-pulse generator 64

_has its output applied across the delay line and the charac-
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teristic impedance 62. The shigld 48A of the delay line
48 is also connected to the end of the characteristic im-
pvedance 62 connected to the negative pulse generator
output,

A positive-pulse generator 66 has iis output applied to
one end of the delay line 42. The other end of the delay
line 42 is connected to a characteristic impedance 68,
which, in turn, is connected to ground. The shield 42A of
the delay line 42 is also connected to ground.

Another positive-pulse generator 70 has its output ap-
plied to one end of the delay line 44. The other end of
the delay line 44 is connected to ground through a charac-
teristic impedance 72. The shield 44A of the delay line
44 is also connected to ground.

The pulse generators, respectively 64, 66, and 70, are
connected to be synchronized from a common-sync-input
source. Video signals are applied to a video amplifier
74. The output of the video amplifier is applied to the
delay line 40 in a manner to alter the potential of the
entire delay line with respect to ground by the amplitude
of the video signal received from the video amplifier.
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This is achieved by connecting the output of the video
amplifier to the return from the characteristic impedance
62, back to the negative-pulse generators 64.

Without the presence of the third set of interleaved

conductors 60A through G the system shown in FIGURE

2 would behave in the same manner as that in FIGURE
1, excepi that when a negative pulse reached the end of
delay line 40, the resulting electrostatic-charge pattern on
the paper would be repeated across the page a number of
times equal to the number of conductor groups connected
to the delay line 40, The purpose of the set of interleaved
conductors 60A through G is to prevent the printing of
all groups of conductors except-one. This is accom-
plished simply by putting a positive pulse on the delay
line 44.

The time delays of delay lines 40 and 44 are designed
so that the scanning velocities of the pulses applied to
the delay line 40 and a pulse supplied to.the delay line 44
are equal. That is, while pulses are being applied to the
suceessive conductors in a group of conductors from delay
line 49, pulses are also applied to those of the conductors
60A through 66G which are opposite this group of con-
ductors.: The time of delay of delay line 42 is selected
so that a pulse which is applied to one of the conductors
54A through 54F will be maintained while pulses are suc-
cessively applied to all of the conductors in all of the
groups connected to the delay line 49.

The amplitudes of the pulses received from the pulse
generators are established in a manner so that only when
a video signal is~present simultaneously with pulses on
opposed conductors can an electrostatic discharge take
place between two opposed conductors. The pulses
applied to delay lines 46, 42, and 44 insure that a scanning
action take place successively in lines across the paper.
The video signal then can initiate a -discharge at the
proper location, so that the electrostatic-charge pattern on
the paper represents an intelligible signal. After a com-
plete ‘'scanning action, the paper is moved to present a
fresh surface for receiving electrostatic discharges.

The operation of the arrangement may be understood
qualitatively by considering the field at the surface of one
of the conductors. 46A through 52E as resulting from a
potential difference between the one of these conductors
to which a pulse is applied and the small-area average
potential directly opposite to the paper. This average
potential is the average of the potentials of the conduc-
tors S4A through 54E and two adjacent conductors 60A
through 66G. In the absence of a positive pulse on the
two adjacent conductors 60A through 60G, the pulses on
the conductors 54A through 54E are insufficient to raise
the effective potential at the back of the paper high enough
to cause sufficient ficld at the surface of the negatively
pulsed one of the conductors 46A through 52E to cause
field emission. Similarly, a positive pulse on one or two
of the conductors 60A through 60G will not cause a suifi-
cient field without a corresponding pulse on one of the
conductors 54A through 54E. If, however, the conduc-
tors connected to the delay line 42 and the conductors
connected to the delay line 44 are positively pulsed, their
average potential becomes equal to the pulse height, and,
together with the negative pulse and the video signal, the
field at the intersection can become sufficient to cause
charge deposition at that point.

The net effect, therefore, is a scanning path which is
geometrically identical to the scanning path derived from
the system shown in FIGURE 1. An interesting modi-
fication may be employed, if desired, to give greater flexi-
bility in the order of positioning of characters on a line.
If, instead of using a delay line 44, an electronic selection
switch is used, the position of a character on the line may
be specified by the signals received from this selection
switch. The ability to specify not only which character,
but where on the line it is to be printed, may be important
in some applications.

There has accordingly been described and shown here-
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6
in a novel; useful, and unique arrangement of ‘elongated
conductors in order to obtain a scanning-raster pattern
for electrostatic-charge-image deposition.

I claim:

1. An electrostatic printing system comprising a first
and second delay line each having a plurality of taps
spaced along the length thereof, a first plane substantially
parallel to and spaced from a second plane, said first and
second planes defining an electrostatic’ printing region
therebetween, a first plurality of spaced and substantially
parallel elongated conductors substantially in said first
plane, a second plurality of spaced substantially parallel
elongated conductors substantially in said second plane,
said first plurality of elongated conductors extending sub-
stantially at right angles to said second plurality of elon-
gated conductors, means connecting each of the conduc-
tors in said first plurality of conductors to a different one
of the plurality of taps of said first delay line, means con-
necting each of the conductors in said second plurality of
conductors to a different one of the plurality of taps of
said second delay line, and means for effectuating elec-
trical discharges between predetermined conductors of
said first and second pluralities of conductors includes a
third delay line having a plurality of taps along the length
thereof, a third plurality of elongated, spaced substan-
tially parallel conductors positioned behind said second
plurality of elongated. conductors and extending parallel
to said first plurality of elongated conductors.

2. An electrostatic writing system comprising a first,
second, and third delay line each having a plurality of
taps spaced therealong, a plurality of groups of spaced,
substantially parallel elongated conductors extending sub-
stantially in a first plane, means connecting a different
one of conductors in a different one of the groups of
conductors to a different tap on said first delay line, 2
first plurality of spaced substantially parallel elongated
conductors extending in a second plane which is substan-
tially parallel to and spaced from said first plane, said
conductors in said first plurality extending substantially
at right angles to the conductors of said groups of con-
ductors, a second plurality of spaced substantially parallel
elongated conductors, the number of conductors in said
second plurality of conductors corresponding to the num-
ber of groups of conductors, said conductors in said sec-
ond plurality being substantially coextensive and parallel
to the conductors in said groups of conductors and being
notched to afford interleaving with said first plurality of
conductors without contact therewith, means connecting
a different one of the conductors of said first plurality to
a different one of the taps on said second delay line,
means connecting a different one of the conductors of
said second plurality to a different one of the taps on said
third delay line, and means for effectuating electrical dis-
charges between predetermined ones of the conductors in
said groups of conductors and said first plurality of con-
ductors.

3. An electrostatic writing system as recited in claim 2
wherein said first delay line and third delay line have sub-
stantially the same delay time and said second delay line
has a delay equal to the delay between adjacent taps of
said first delay line.

4. An electrostatic writing system as recited in claim
3 wherein said means for effectuating elecirical discharges
between predetermined ones of the conductors in said
groups of conductors and said first plurality of conduc-
tors includes a first means for generating pulses having
one polarity, second and third means for generating pulses
having a polarity opposite to that of the pulses of said
first means, the frequency of pulses generated by said
first and third means being substantially equal, the fre-
quency of pulses generated by said second means equal-
ling the product of the number of conductors in a group
of -conductors and the frequency of the pulses generated
by said first means, means. for applying pulses from said
first means to one end of said first delay line; means for
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applying pulses from said second means to one end of
said second delay line, means for applying pulses from
said third means to one end of said third delay line,
means for applying intelligence signals to both ends of
said first delay line, and means for adjusting the ampli-
tudes of the pulses and signals to require their simultane-
ous presence on an opposed conductor in a group and a
conductor in said first and second plurality of conductors
to effectuate an electrical discharge therebetween.

5. In an electrostatic writing system of the type employ-
ing a first multiple tapped delay line having a plurality
of writing conductors connected thereto and extending
to one side of a dielectric medium for effectuating elec-
trical discharges through said dielectric medium to con-
ductive means on the opposite side of said dielectric
medium, the improvement comprising said writing con-
ductors comprising a plurality of groups of elongated con-
ductors spaced parailel to each other and to said dielec-
tric medium, means connecting a different one of the
conductors in each group to a different one of the taps
of said first multiple tapped delay line, said conductive
means comprising a plurality of second elongated con-
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ductors parallel to each other and to said dielectric medi-
um and oriented substantially at right angles to said first
elongated conductors, a plurality of third elongated con-
ductors parallel to each other and to said dielectric medi-
um and being coextensive with said elongated conduc-
tors in said plurality of groups of conductoss, said third
elongated conductors being notched to afford interleav-
ing with said plurality of second conductors without being
contacted thereby, a second multiple tapped delay line,
means for connecting a different one of said second con-
ductors to a different one of the taps of said second
multiple tapped delay line, a third multiple tapped delay
line, and means for connecting a different one of the third
conductors to a different tap of said third multiple tapped
delay line.
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