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ELECTROSTATIC DIELECTRIC STORAGE

by

F.B. WOOD

ABSTRACT

The history of electrostatic storage and related devices is briefly reviewed,
Three kinds of storage using electrostatic charges on dielectrics at
atmospheric pressure are discussed:

{1} Contact brush type with distributed capacitance.
{2} Contact brush type with discrete capacitors,
(3) Non-contact probe type.

Simple calculations from approximate theory are made for each type and
results are compared with experimental tests. The first type is found to

be impractical on account of abrasion of the dielectric by the brushes, The
second type gives reliable operation, but requires frequent replacement of
brushes and commutators. The reading, writing, and erasing sections of the
third type have been experimentally demonsfrated separately., The non-contact
system rmay require operation at reduced atmospheric pressure to obtain satis-
factory conditions for both corona writing and erasing. The non-contact reading
probve can be utilized in some other storage system such as photoconductive
storage.
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1.2 Patend Situation

During the course of these investigations, two patents have been issued which may
overlap wilh the electrostatic dielectric storage systems investigated at the
Sar Jose Taboeratory during 1952 and 1953,

. 8. Patert 2,620,447, December 2, 1954 J. M. Malpica, Electrostatic

Transtormer (filed July 30, 1948).

This patent involves a rotating dielectric disc with brushes to act as a voltage
transformer and mentions incidentally the transfer of various wave shapes from
input amnd cutput, Although no mexntion is made of computer applications, this
patent describes a disc with wriling, reading and erasing brushes which
corvespond physically fo the elecirostatic storage system with distributed
capacitance, and also includes description of a discrete capacitor disc,

U. S. Patent 2,629,827, February 24, 1953, Fckert and Mauchly. Memory
System (fiied October 31, 1947).

This patert appiies specifically to a ynercury deiay line memory system using a
recircuiating system. The basic 1dea of recirculation for computer starage is
claimed Among the various specific variations claimed in the patent can be
found a dielectric disc with writing, reading and erasing brushes with alternative
forms for using corona discharge and contact writing, reading and erasing.

2. 1. Contact Reading of Electrostatic Charges on a Dielectric

2.1.1. Elecirostaic Wrilrg

If a conducting probe connected to a voltage source is touched to and removed from
a dielectric sheet as shown in figure 2.1., a spot of electric charge is left on the
gurface, The charge can be measured by touching the spot with a probe connected
to an electrometer,

2.1.2. Electrometer Reading with Capacitor Multiplier

For example a circuit using a capacitor multiplier with a Cenco electronic
electrometer is given in figure 2 2

CA = /Of,//F C‘cz 5/4 /,//f
Cp = Sppf Ry = 14 & 107 ohms
The multiplier ratio where Cg is very large is:

Nz VY - C7rCG?lr _ Jo+5/#+45 _ 106 (2.4
£ Cyp 5
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2.1. 3. Effect of Ratio of C_ to Capacity of Measuring System

When the Capacitor Cy is small, the observed voltage Vx to E will be amaller
due to the sharing of the charge on Co with the Capacity of the measuring system.
The eguipment circuit is shown in figure 2. 3.

Ca + C
A

¢l = ¢ ¢ =0.97 Cp
D D

'
When Cpy is touched to C . the charge q is shared so that the voltage,

_ drops to b q
\/X -_ G‘/CO J \/X —_— C.’D - Co . (2.—2...)
For a probe with a point of diameter . 020’7 effective contact and using . 001"
thick Mylar dielectric:

! - - 2
Co= € Co A = 3./6 x 8.5 xlo "% favads x2.64 %10 Znegv—x—rrr ‘m i}
yad ‘ . 2 me—+er2 ¥a) + n
; et - Nelle))
=223 EL Y om o 2,23 L2IT 522 £ 3
n € n . 00| P (2.3)
Putting this value in equation {2X)gives:
/
v
X = 0.272 = 0. 044 = 88
Vi 0,47x 5 + 0.22 2000

This means that for an . 020" diameter probe, a static writing voltage of 2000
volts would give at 2 maximum of 88 volts read-out.

2.1. 4. Effect of Surfaée Hardness

Experimentally plastic materials give larger read-out voltages than those
calculated above, while ceramic surfaces give less than theoretical. This is
explained by the deformation of plastics like Mylar to fit the probe-brush

point as shown in figure 2. 4. A, which increases C,. Onhard surfaces, such

a8 ceramics, the brush rides over small dents and points in the surfaces,
rmaking air gaps which decrease Co as is shown in figure 2. 4B, After repeated
use, a plastic surface becomesworse than a hard ceramic due to wear as is show
in figure 2. 4C.

Various alternatives have been considered to avoid these problems. The most
promisgng is a conductive rubber roller. The flexing of the rubber partially
destroys the conductive properties so that the resistance through a rubber
roller would increase with use. However, it is not known how much resistance
in the roller could be tolerated.
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Figure 2.5 Experimental Storage System

0
7 vev., -3
The delav time is: 1¢9 —~ = 3 .33 %0 secoind s

P )
260 xico rps.

The time that a spot on ite dielectric is under a writing or reading brush is:

.010 in. / 628 in. per =sec. = lb W sec.

The capacities at the brushes are:

2.23 L A in* 07/ x 0./00 X0.010
a7 1 + n o, o0l

= 0.7/ ppt

c, =
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Using equation s Htfie maximum ecretical read-out voltages are: The leakage
capaciiance C, 18 nol known and i» omuited:
L= . C . .36
Lg = 40}4er Vout = = 2 ‘ \/"n -0 1800 = 6.1 volts
Cp +-2_\34- Ca 40+0,36
- 0.36 1
or when Ca= 14 ¢ Vb < (Y00 = 4% volt.
4 I ovt G40.90

The experimentally observed voitages are about 6 and 25 volts respectively.
Capacitances C, and C3 hkave been measured with a Q-meter at 5 mc/sec.

4

Cp = 0,4—,,,{;{— (+heory ©.326) reading lrush
Coyre 2.0 ppt Capacity of brush and leads fess Cp.

This gives #4 revised oufput voitage ax fullows:

Ca ‘ o.346
Ca = 40 puf: V., = , ViW = —22 1800 = 15,3
* i ovt CitC34Ce A0 +2.1 +0,36 vo l+s
6.3¢ .
) O = / . Vo fu_ 1800 _ v +
or when Lq 4ot Vaut PECNEVEY, 39,3 volt

The experimental read-out veifages of onad‘-a.lfﬁ)f theoretical is about
the digcrepancy expecied due to following facters omitted in the calculations:

(1" decreased capacity due to adnesive on back of Mylar
(2} additional capacitance of ieads

(3" uncertainty as to actual contact area of brushes

2.2.2. Charging of Dielectric in Writing

A strip is charged on the dieleciric that has a length equal to the sum of the
brush width plus the electrical pulse length. At the end of the pulse, the

tail of charge under the brush i1s erased. This is illustrated in figure 2. 6 where
time, angle of rotation of drurm, arnd distance on the drum are pldted in a
triangular coordinate system.

The input pulse {v} and the charge density { /A ) are also shown in the
diagram.
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Figure 2.6 Writing Charge Distribution

2.2.3. Discharge of Dielectric in Reading

As is shown in figure 2.7, the discharge of the electric charge at the reading
brusk iz incomplete, requiring an erasing brush to complete the erasing.

At the beginning of the pulse at the reading brush, charge is transferred ahead
on the dielectric by the conducting path of the brush., At the end of the pulse
when R, C4q is large, a tail is added to the charge distribution an the Mylar due
to the transfer of charge from Cy4 to the dielectric.
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Figure 2. 7. Discharge by Reading Brush

The vharge distribation our.es . % are ceonstructed with the assumption
that the time a spot is in contach wiih the resling brush is small compared to the
time consiant RC, For slow speeds ir.e voltage would approach a distribution

between the storage drum and oscilloscope in the ratio of the resistances instead
of the ratios of the inverses of the capacitances,

The approximate theoretical ouiput voitage and the experimentally observed wave
shapes are shown in figure 2.8, The discrepancy in shape during the charging has nc
been analyzed.

% APPROXIMATE
¥ \ ; THEORETICAL
TIiE
§ ~
" J» FXPERIMENTAL

FIME

Figure £.8 Reading Wave Form on Oscilloscope
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2.2.4. Storage Density

Tre bit sterage depsii; m e example of psregraph 2.2.1.0 is 10,000/628 = 16
bits /e, Tesis bave boen ron ab g sloewer speaed of 13,8 1n. /sec. atl.6 ke
with 20 A/ sec. pulses giving 1, 000/13.8 = f1h pulses/ inch,
W/ Cin)

- 3
V (in /sec)

When it e bruss wadih, Wp (seconds) =

is greater thzn the electrical pulse lengts T {sec}), the incoming charge is

distribeted over the remaining brush contert area, reducing the voltage by:

\/Fou+ _ -—Tm T V

VO gk Wb WA
Curves of v/ ¢t v v ars ploted o figore £ along with curves of bit density.

Lines for a nuise les ol of one voll sad signel o nolse level of thiree are drawn

in te show what information densite lamits correzpend to various pulse lengths.

2.3. Conclusicns

Reasonable cutput voltage s and imtormation dernslty ~an be obtained with contact-
distribuied-capacity-dieleciric-sforage, However, the most serious difficulty
iz the abrasion and dust problern. Ewven i 3 good dielectric can be found which is
registant lo sbrasion, vecasional dost puriicles may raise brushes to miss a 9
digit. The investigation of ceramic contings 18 degscribed in 2 separate report.
The cutpat voltage can be raised by nse of a low nput capacity catbade follower.

L digtributed capacitance storage
will be useful in investigsting the ofker slternailves,

The irformstion acguired in fne study of ~onts

3. Contact Brush Electrostatic Storage with Discrete Capacitor

3.1. Introduction

A discrete capacitor dielectric siorage disc was constructed and tested to avoid
the effect of the dielectric wearing out under the bruskes. The use of a printed
circuit techinigue or embedded commutor bar technique would insure a uniform
capacity per spe*, even though the brush contact area is irregular.

3.2. Egquipment

A storage disc was made of brass commutator bars embedded in castolite
thermosetting plastic, #s shown in figure 3.1, The outer ring is the timing

track for generating pulses. The second ring is a set of ninety commutator bars
which form the top sides of the discrete capacitors. The third ring is a second

set of commutater bars. The test circuit using a 45 voltbattery for generating
charging pulses with the timing track is shown in figure 3.2. The bars have

a surizce arca of 13 x 2.2 = 28.6 mm. , whkich makes a capacity of 31.5 /U/U"F with
.00l thick Mylar clamped between the commutator disc and the supporting metal
disc. At 3 speed of 3000 r.p.m. with 90 pulses per revolution, the pulse rate is
4.5 ke,
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The theoretical capacity per bar was not realized, because the warping and
cracking of the castolite on setting left air gaps. These were filled with Dow

Corning 200 Fluid (Silicone), 350 viscosity, to eliminate the air from the gaps.

IBM No. 163789 wire brushes were used as modified, by clipping off part of the
wires, so that the brushes would not contact two bars at a tinme.

3.3. Experimental Results

Tests were run at 3000 r.p.m. A Tektronex 514 D oscilloscope was used to
observe the writing and reading voltages which are shown in figure 2,3, The
theoretical voltage available for reading out is:
C
bar ‘ q.25
Vin

= = 4,3 volts
Cbﬂr - C!ws + C;

\/o W+

mplifier 1.25 +46.5+ 40

The chrserved output voltage averaged 3 volts.
The experimentally measured capacity per bar averaged 9. 25 pl&)“F

3.4, Potential Developments

Tests at high speed were not run, because the particular disc was cracked. If
further work is to be pursued on this project, an etched printed circuit technique
on semi-cured plastic would be a good procedure. Then the metal bars could be
pressed flush in the final curing.

By increasing the speed from 3000 r.p.m. to 6000 r.p.m. and increasing the
number of bars per track from 90 to 250, the frequency would be increased to 25 kc,
This would give about 1 puf per bar on the outer track. With a cathode follower as

a read out probe, the amplifier and lead capacitance could be reduced to 5 }IP‘F

so that 8 volts output could be obtained or the input voltage could be reduced in
proportion. It would be difficult to increase the density of commutator bars over 25(
per track, because the lower limit on brush size wmwild be reached. Increasing the
speed or diameter of the discs woukl result in serious balancing problems.

The potential life of a disc and set of brushes can be estimated from the advertized
results of a fabricator of printed circuit commautators.

Their copper with nickel plate and flash of rhodium commutators are reported to
be still as satisfactory after 10 ° operations (here interpreted to be revolutions),
At 6000 r.p. m., this would be 27 hours. For eight hours of operation per day,

the discs and/or brushes might have to be charged twice a week. Tests at Endicott
on commutator discs for printed circuit emitters operating at slower speeds have
satisfactorily lasted for 7.5 x 10’ operations. Therefore, it may be possible to
develop a brush and cornmutator for 10 operations.
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The discrele capacitor storage systern is a deflinite advance over ihe prgsent state
of distributed capacitance storage, where the wear of ithe Mylar can cause
irregoiar contact witiin & few minates,  Abtbouyh the commutator disc and
brushea ¢ ould possibiy e rmade cheaper tnay magnelic storageé heads and drums,
the frequent Tepiacerment cosrs make dicocotric storage impractical at present,
There are potertial slow speed soriting systems whete this system of storage
might be useful witroul requiTing a recircuiating system. Making the printed
circuit disc out of Teflon with the vapacitor formed by Mylar sheei between a
porition of the commutator bars and a grounding ring could result in a storage time
sufficient for sore soriing operations .

4. Non-Contact Probe Eicciroriaw Slorags

4.1, Iniroducilion

The wear versus dniform area of conlact dilemima of contact distributed capacitance
storage leads o the consideralior of discrele capacitor storage. Tren the wear ng
of brushes and/or commutator discs wihickh veguires replacement every three davs
leads to 2 review of fre possitality of dovelopirg a nor -contact systern to avoid the
abrasion problem. Tle basic svslerm s z:own in Iigure 4.1, Charges are
deposited on a dielectric coating over a grounded metal disc. The ckarges are ther
read-oul by electrostatic irduction 23 the reading electrode, and are erased at the
erasing clecirode.

Alitough non-contact readinyg 12 satisfaciory, “here ave difficulties in obtaining

reliable writing and erasmg,

4 2. Writing

4,2, 1, Corong Discharge

Charges are satisfactorily iransferred to the disc at slow speeds at

atmospheric pressure, At high speeds, such as 1000 inches per second, the coronm
discharge is irregular, The discharge tends to be carried by the moving air and the
breaks and reforms. The corona discharge could probably be made mare stable

by enclosing the disc or drum in an air tight charmber. Then the air pressure

could be reduced, or the air could be replaced by a more readily ionizable gas.

Radicaciive sources near the clecirode have been tried to make tons more readily
available, but no appreciable improvement was observed, A curve of the
experimental static read-oul vollsge versus corona gap length for a needle point
electrode is given in figure 4.2 The sfatic measurements were made with a
cenc o electrome electraomeier,
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Althougy no work has oeen dene correntiy on s type of writing, xf s

ry rion-contact writing ¢ ystem,

mentione bt,i. atige 10 o ehd Tead 0o samsiscio
P. Selenyi i 1935 deseribed ar ton g sy stemn for writing on dislectirics

at atrnospleric pressuie. He g-eda ol oainede of platinam wire coated with
barriwm oxide, The o sizode wag bissed from 500 tc 1500 volts negative wiih
respect 16 the dielectric surface, A grid wits a slit was localed between the Lot
cattode and fthe dieleciric, Thre elecirons ¢mitied by the cathode sttach themselves

ken driver ob yoopt the slit in the grid., The width

to gas molecules, which are
oi the line of charges deposited upon ite diclectric can be controlled to 100 per cent

modulztion by a grid voltage of frem 5 o 10 ~airs,

The work menfioned 450ve Hoor 008 Goer S ked sxperimentzily rere, The only

recent W'orkl L1071 giaE in ALy knowro ]

Or 18 2 recent thesis at Sianford

Universiiy.

4,3, Reazding -Electrostaric wonud.cilon

4. 3.1, Distributed Ca.]lr poitarnoe Readns L&

When o charge i placnd on a rosong dislectio as in figures 4.1 and 4. 4A, the
by w charge moving past s prode as is
> current induced

indueed voltape van be approximal

gshown n figure 4.3, Shockley D tas derivad an eguation {or &

arge 3= follows: By utilization of Green's

in a conductor by & moving ol
reciprocation thecrem (U cam be srown e the ¢ urrent,

I =h E-V

whers A is a1 constant, E iz tre =looiric field 20 ike probe dus to the charge and
YV  1e the velocity of the charge.

The formula is derived for a grounded probe, while any useable probe must have

a resistance to ground inorder fo cbserve the induced current. Althougk this
formula does not yield a useful numerical value for the induced current or voltage,
it does show the proporiionalify of the induced current fo the velecity, A limiting
value of the induced voltage can be c¢biained by esfimating the capacity of the

ng the volage from the capacity divider farmed
> amplifier,

probe o the charged spot and calo
by this capacity and the input capacity of th

The electric field lines of 5 po'nt charge on ‘be surface of a dielectric gsheat which
is backed by & cenduciing sbeet are showrn in figure 4. 4A. The fact that the
induced current iz the vector prodacd of Trand vV which are at right angles when
the probe is opposite the chargs, means it non-vontact reading gives a voltage
proporticnal to the derivalive of the ¢harge densily opposite the probe. This makes
% oepot of ckarge. If only one of the two pulses

a negative and positive pulse fore
is desired, the second can be eliminated by s diode. The fact that non-contact readr
is a differentiation process limits the bit density. If twe spots of charge are close
to cach other the lzading =nd trailing pulses of adjacent charges can cancel. Thereic
v at least three ‘imes the length of the space occupled

the bit length 18 effectivel
by the charge, to whick must be added a clear space.
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A typical value for non.contact reading 151 For 5 /32" knife edge probe, 0.015"
gap to diels i, 2000 velis contact charging, 168 inches/ second: 0.5 volts read ou?

4.3.2. Discrete Capac

Theoretically the ocuipul veltage can be incroased by a facter of two or three for the
game width of (rarge and same capacity, by usging the field orientation of figure 4. 4%
Tie discreie ars with glicrnate wnes grounded make a further reduction of the

bit density,  The increase in read ond vollage come from E and V vectors

being 21mest parallel in the region whers E is still bigh. A non-contacttelephone
line voltage gsensing commeutator using fhis principle has been deweloped by Bell
Telephone Laboratories,

4.4. Erasing

4. 4.1, Corons Erasiug

The erzsing in one sweep past a3 corena disciarge 18 incomplete a8 is shown by
figure 4 5, Incressing the erasing veltage resaits in the curve of figure 6 which
d to forty per cent in one revolution with

shows that e signsis can only be redus
reasonable erasing voltages. Vising a diffsrent gzs= and/or pressun: rmight make

sQmeé Improvermneni,

4. 4.2, Moisture Spray

The eleciric charge on a Mylar disc has been siccessfully erased by a spray of
waier vapor, which makes the surface temrorarily conducting. Thkis is not very
praciical because a drving alr blast st foliow the erasing so that the surface

is dry for writing again.

4.4.3. Flame

Selenyi used a2 bunsen burner flame to erase his elecirographic images. However
an open flame i1s not a safe device for use In a computer.

4.4.4. Hot Anode

Selenyi =uggests using 1 Kinsrnan Lot anode for erasing with pesitive ions. This
method has not been investigated here. Tue advantages of hot ions over corona
erasing might possibly be a turbalence of the 1on gas which might do a better job
of destroying the information on the disc.

4.5, Bwvaluaiion

tis relinble is the induced reading of
electric vivrges. Non-contact elecirostatic reading can be used with other systems

The part of eled frostatic storage

g0t 5 priotocoenadnctive stoTage,
f
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A svetem 3sing corons wiliing, ewolrogiatic indueiion reading, and corona
erasing could be developed., Howewer, if might reguire a sealed off container
to insure a correct gas pressure for producition of ons. The bigh veltages
reguired for pariinl ercsing would complicale *he shiclding problems. The

,

absence of comnplele crasing romphicate s ihe clacironic cirouits required to
provide proper discriminstion levels,

The development offlorr_ guud for operation ot wfmospheric prossure could be
conducted as a separate project. If saf

sisctory ion guns and hot anodes were
developed, then the development on nen-coentic? elecfrostatic storage might be
worth resuming.

5. Conclasions

Contact brush sleclresiaiie storage 18 mpreciiosl on acoount of brush wear and
abrasion of the dielectiric, Disvrele capacitor electrostatic siorage with contact
brushes could be used for low snesd aprilcation by use of one of the following
printed circuit ftechnigues.

EL Y &

eets,

copper Trorn bonded plas
or cersmic coated metal

ion of nicx=l on plasiiog

ing of silver paict on glass

3% Chimmocnd deposit

Non-contact probe storage bas besn cxperamentally demonsirated dut it may
involve a gealed off container to maintzin the optimum gas pressure for the

corona discharge, The follewing zlernafive svelems for limited application ugilizin
new materials such & solzramic terzmic coalings could be considered:

(1} Meleiple brust distribufed capzdity ceramgic storage.

{2} Multiple brushdiscrete capaciiy storage.

{37 Muliiple brush writing on ceramic with non-contact reading, and
contact erasing.

{4 Pheto vomduc tive writing by light beam with non-conant electrostatic
reacding.

{5 Discretfe capaclicr writing by conact, with BTL dysd style
non-contact reading, and contact erssing.

{67 Seclenyi ion gun writing, nor-cortzet electrostatic reading, hot anode
or flame erasing.

In gddition to the speaific systerns of clecirostatic storage covered by non-IBM
owned paterts, 2,620, 447 and 2, #29, 827, fhe latter claims the basic concept of
p ¥ H ? z L] p
ciroulating i fen o eleTanr 1im L Pyt dig — 4 Th f
recirculating information in a delay line gr rotating disc storage svstem. werefore
e patent situaticn i3 not favorable for furtber develop: t =lect ic
th tent eituatic ot favorable { i ter development of electrostatic
jelectr o storace, exceph 1or possible special avplications,
dielect ! g€, i for | bl [ Papplhwcatio
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