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V The purpose of this research is to demonstrate the matrix-addressabillty

of the magnetic particles display. The idea for the magnetic particles

display was introduced in an earlier publication (1). The method suggested

in (1) for matrix-addressing makes use of a threshold in the demagnetization

of ferromagnetic materials with hysteresis. The displ ay’s memory is made

of such a material. When magnetized in one direction , the memory can

resist demagnetization by magnetic fields below a certain threshold.

Stronger fields may cause the direction of magnetization to be reversed.

The currents through the addressing wi res is designed to generate a

reverse magnetic field below the threshold everywhere except at the inter-

section where the combined field strength woul d exceed the threshold

V 
and the magnetization locally reversed. There the display will show

a l ight spot against a dark background (or vi ce-versa).

V 
Considering the low sensitivity of the magnetic pa rticles currently

V available , fairly strong magnets are needed for the memory. HCun ifefl

happens to be one of the materials with remanent magnetization in

approximately the right range. A 10 x 15 matri x is constructed. The

addressing wi res are wound around each row and each column 5½ times so

that lower currents may be used. For simplicity in construction , a bank

of microswi tches is used to control the addressing. And for convenience

in demonstrating the display , program cards are used to control the

mi croswitches.

The memory is prepared for matrix-addressing by first being magnetized

V 
uniformly in one direction . This is accomplished by passing the “eraser’

magnet over the displ ay’s surface. Then the program card is slid over

____________________________—
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the.bank of microswitches. Each row of holes in the program card addresses
V 

a spot on the display be sending a pulse of current through the loops

• around the row and column corresponding to the addressed spot, • Any

pattern can be written into the di splay , by using the appropriate program

card; and the spots can be entered in any desired order. The display

can be disconnected from the control unit to demonstrate the nonvola-

tility of the memory. 
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V . .(1.) A Magnetic Particles Display V

by

Lawrence L. Lee
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V Program Code for di~play pattern V

V SWITCH POSITION

I 1 2 3 4 5 .
~ 

10 1 1 12 ... 25 26 
V

• ~~~~~~~~~~~~
SPOT LOCATION (ROW ) (COLUMN)

COLii~iN V

1 2 3 4 ... 14 15
V 

1

2

3

ROW 4
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Abstract V

A new type of flat- panel ambient-illuminated disp lay is described .

Images in this disp lay are formed by magneticall y controlling the

orientations of small spherical multicolored magnetic particles. A

demonstration moue l is shown and the possibility for app lication to 
V

television is studied . It is estimated that for a 9 cm by 12 cm

V b lack— and-white screen with built- in magnetic memory and 500 by 500

sequential matrix addressing , the display pane l can be driven at TV

rates with an average current of 0.27 A and dissipation of 0.26 watt.

Contrast ratios up to 40:1 seem achievab le with continuous ly variable

grey V The display also features a nonvolatile memory which can be

very desirab le for some applications . Methods for fabricating this

display are also discussed.

p.
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V Introduction V

There has been much recent interest in flat- pane l displays.

Several varieties are in existence . (1) Some have found applications

as read— outs for watches , calculators , and other electronic instruments.

The prospect for extending their applications to widespread disp lay of

higher resolution images is greatly improved by the success of miniaturized

electronic components which provide the necessary addressing capability.

But flat-pane l disp lays are by no means yet ready to rep lace the CRT in

many of its app lications . Take television , for examp le; none of the

existing flat- pane l displays has the right combination of brightness ,

contrast , resolution , and response speed to produce a satisfactory TV 
p.

image , and furthe rmore , they are more costly. Consequentl y, it seems

rather unlike ly that flat-pane l disp lays wou ld be able to compete

successfully with the CRT in these areas for many more years to

come.
p.

Instead of competing with the CRT in app lications where it
I.

performs well , new displays might do better if concentration was made in 
V

areas of the CRT’s weaknesses. In television app lications , opportunity

exists for the introduction of new flat- pane l disp lays in small portable - 
V

sets. There the CRT’s bulk , fragile glass envelope , poor image quality

under bright lights , high voltage , and h igh power requirements are serious

disadvantages. 
V 
Introduction of flat- pane l, amb ient-illuminated disp lays to

this area of application wou ld be we lcome in the TV market.

(1) “Special Issue on New Materials for Disp lay Devices “, Proc. IEEE , 61,

7, pp 801— 1056, (1973)
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The d isp lay described in this paper is of the flat- pane l, ambient-

illuminated type and is referred to as the Magnetic Part icles Display.  The

image in this disp lay f.s formed by controlling the orientation of many

tiny magnetic particles . The partic les are black on one side and white

on the other so that their orientations with respect to the viewer convey

optical images by scattering of the ambient light. A study of the disp lay ’s

potential app lication lu television is presented , and this study suggests

that the disp lay may be used in small portable TV ’s. Methods for

V fabricating the disp lay are also investigated. No exotic material is

needed and technology exists for manu facturing the components , so the

display should be inexpens ive to produce when manufactured in large

quantities.
p

An advantage of the magnetic particles disp lay over other flat-

pane l ambient-illuminated disp lays such as liquid crystals and electro-

phoretic cells is the possibIlity for direct utilization of magne t ic

memories. It is well-known that ambient-illuminated disp lays in TV

applications need one unit cell of memory at every image spot. Magnetic p

memories are often simp ler and more reliab le than electronic memories ,

espec ially when large numbers of them are used in limited spaces. The

magnetic memories also make possible the use of relative ly slow disp lay

materia ls ( response time of the order of 30 ms ). For app lications

other than TV , the non-volatility of the disp lay ’s memory can be a very

desirable feature since it provides a possibility for disp laying

stationary images with zero power consumption.

p.
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V Operating Princ iple and the Demonstration Mode l

A demonstration model of the magnetic partic les display was constructed

as shown in Fig. 1 to illustrate the operating princ ip le ( cf. ref. 2 ).

Each particle in this model is a plastic magnet about 0.8 mm in diameter ,

black in one hemisphere and silvered in the other, magnetized so the silvered

side is north , and encapsulated in a cavity in the transparent panel.

Individual encapsulation of every particle was necessary to prevent the —

particles from clustering. Images are formed by subjecting the disp lay

to appropiate ly configured magnetic fie lds ; e.g. by p lacing the disp lay

pane l against patterns cut from a sheet of rubber magnet ( Magnetized

through its thickness ). Some of these images are shown in Fig. 2.
p.

Much smaller partic les would be used in practical disp lays of this

type. The partic les would have to be fabricated by efficient processes

such as those suggested in a later section of this paper , and the magnetic

field would be controlled electronically through an addressing system V

containing grids of electrical conductors.

(2) S. Sherr, “ Fundamentals of Disp lay System Design” , Wiley Interscience , V

( N. Y. ) pp 180— 182 (1970).

4
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V V An App lication to Television

The magnetic partic les disp lay offers wide ranges of design 
V

parameters from which desirable combinations may be chosen to suit

specific app lications , it would be impractical to investigate in this

paper the display ’s performances under all combinations of operating

- conditions. Therefore further stud ies on ~he display will be directed

towards a specific application ; that of small portable television. —

V Many of the disp lay ’s features will be revealed by this study.

Consider a black-and-white small portable TV with a 9 cm

by 12 cm magnetic partic les disp lay for a screen. Construction of V

the disp lay is shown schematically in Fig. 3. The top layer contains
p..

the image-producing particles which are about 10 micrometers ( pm ) in

diameter, black-and-white , and magnetized as described previously.

The particles are ind ividually encapsulated with small amounts of

clear liquid in transparent spherical shells of inner diameter about

15 pm and wall thickness up to 2.5 1um. The shells are cemented onto

the panel; but the particles , which are free to rotate , will orient

themselves to align their magnetic moments with the local magnetic

field.

The magnetic field at the particles ’ position is the resultant

of I) the interna l fie ld of the particles ’ dipole moments and 2) V 

V

magnetization of the memory. The latter is controlled by electric

currents through the conductors in the horizontal and vertical grids.

There are 500 conductors in each grid ,and a disp lay element ( spot) .

p.
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V 

is an area bounded by two intersecting pairs of adjacent conductors

( f ig.  4 ) . At every spot , there is one uni t  memory to control the

orientation of many part icles  (see expanded view in Fig. 3 ) .

The selection of these design parameters is based on pract ica l

considerations such as limitat ions of the par t ic les ’ f abr ica t ion  and

encapsulation processes , the properties of availab le magnetic materials ,

capabilities of inexpensive current sources , etc. Results of the

following study will show that the choice has been reasonable .

Further details about the addressing system are given for the

calculation of non—uniformities and other effects. It will be assumed

that the memory assembly is composed of many tiny buttons of “square-

loop” memory material , each lO8 pm by l44~~m , 80~im thick , and is 
p

fabricated on a flat substrate of high magnetic permeability. The

conductors are round copper wires 40,jm in diameter , and positioned at

the centers of the grooves in the memory assemb ly. V

The Necessity and Advantages of the Memory

Television images are formed by addressing spots sequentially,

and since there are 250,000 spots , each is addressed for only 1/25 0,000

of the frame time. Cathode- ray tubes with high peak brightness can V

perform well with this mode of addressing. Sufficiently high peak V

brightness cannot be achieved in ambient-illuminated disp lays , so the

image must be retained for a longer time to be seen. This requires the
V 

use of a unit memory at every picture spot.

6

_ _ _ _ _ _ _  — ~~~~~~~~~~~~~~~~~~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~~V V V



V 

For the magnetic particles disp lay , the memory is just a magnet.

Once magne tized by the control currents through the addressing wires ,
V it will turn and hold the partic les in the desired orientations .

At the TV rate of addressing , each spot is addressed for about

0.12 microseconds. During this time , the memory will be magnetized ;

V 
but the particles need not have rotated as yet , because the magnetization

will persist until the same spot is addressed again in the next frame.

The memory allows the particles more time to respond ; in this case , the —

V time is extended by a fac tor 250,000. In a disp lay equipped with memory ,

the partic les’ response speed need not be much faster than the frame

rate ( 30 per second ).

p.

V The Addre ssing System

a

A picture spot is addressed by currents through the four nearest

conductors C Fig. 4 ). Because of the close proximity of these

conductors to other parts of the picture , there arises the problem of

discrimination , i.e., the ability to address a chosen spot without V

disturbing the rest of the picture . An addressing system with good

discrimination should produce no significant disturbance anywhere along V

the four wires except at the intersection. Discrimination is usually

V prov ided by a threshold behavior in the display ’s response to activation .

It will be demonstrated how the demagnetization characteristics of

V stabilized magnets can be used in an addressing system to provide both

discrimination and memory . V 
V

4
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The magnetic fie ld that controls the particles ’ orientations are

due to 1) interactions among the particles and 2) magnetization of

V the memory. Other effects such as geomagnetism and the direct influence

of the addressing currents are neglected ( the latter because of its

very short duration ). Interactions among the partic les cause the

dipoles to align parallel to the p lane of the disp lay panel. In these

positions , the particles appear grey ( half-black and half-white ). 
V

To make them appear lighter or darker, an external torque must be app lied.

V This torque is rn x B ( m is the magnetic dipole moment of the particle

and B is magnetic flux density caused by the magnetization of the

V 
memory ). Near the center of the spot , B is in the direction of the

normal and is fairly uniform. The presence of permeab le material

in the particles would tend to concentrate the flux and increase the

torque. But this effect can cause B to increase by at most a factor

three ( for a sphere of infinite permeability in an otherwise uniform

magnetic field),so it is neglected in this order-of magnitude analysis.

The normal component of B is continuous across the surface of

the memory because dlv B = 0. Therefore the central brightness of

the spot is a function of the normal component of B inside the memory,

which in turn is related to the magnetic field 
~a 

generated by the

addressing currents. Inside the memory material , the relation between

B and H is studied with the help of a hysteresis plot.

V A hys teres is p lot of the normal component of the magnetization H

vs the normal component of the magnetic fie ld H is shown in Fig. 5. 

V

p

V 8

F 
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For the study of the demagnetization and stabilization processes , the

intr insic p lot ( 14 vs It ) is pre ferred over the normal p lot ( B vs H ) V

V 

because the externa l f ie ld can be more easily isolated . The to ta l

magnetic field H is the sum of the external field Ha ( generated

by the addressing currents ) and an interna l fie ld ttm ( due to the

magnetization H of the material ). The hysteresis curve is a relation

be tween M and H • I t is de term ined by the material properties of the

memory. The internal fie ld 
V V~~~~ 

is a result of the magnetization and Is

linear ly proportiona l to 14. This proportionality is determVt ned mostly

by the geometric configuration of the memory and surrounding materials

of high magnetic permeability. It is assumed to be constant. ( The

small fluctuations caused by the particles ’ motions are neglected for

simplicity. ) Therefore the relationship between H and Hm is p

represented in Fig. 5 by straight lines of constant slope ( M/ 11m

Some of these lines are shown in the figure . The line V throug1
~ 
the

origin is the load line. It shows the absence of externa l magnetic

field. The other lines are disp laced horizontally by an amount equa l

to the external fie ld. The magnetic induction ( or flux density ) B

can be obtained from this plot by using the realtion B = p0( H + H ).

For simplicity in the exp lanations given in this section , the memory

material is assumed to be isotropic so the norma l component of M is

a function of the normal component of H only; and the fields arc
V 

assumed to be uniform throughout the entire spot. Effects of non-

uniformity will be considered in a later section.

V 

—

p.
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V Suppose that initially, a magnetizing fie ld II . is app l ied , causing

the unit-memory to operate at the point A ( Fig. 5 ). When this field is

switched off , the unit-memory will operate at the point C on the load

line. Suppose that a reversing field H5 is now app lied. It will cause

the unit-memory to operate at D; and upon remova l of lI~ the state of

magnetization will be represented by the point E, also on the load line .

The return path DE is approximately paralle l to the tangent of AC at

the 14 axis. The state represented by E is said to be stabilized —

because further applications of external demagnetizing fields of strengths

or weaker will cause only reversible changes represented by minor

loops such as E-D’-E. Stronger demagnetizing fie lds will cause the

operating point to move farther down the hysteresis curve towards F.

These represen t irrevers ib le changes , because upon remova l of the fie ld ,

the operating point will return to other points on the load line . For

examp le , the f ield 2Hd will cause the unit-memory to operate at F;

and when it is switched off , operation will return to G.

An addressing system with good sensitivity and discrimination

can be obtained by using E ( Fig. 5 ) as the initial state of V

magnetization for the memory and also as the state of minimum reflectivity

( black ) ; G as the state of maximum reflectivity ( white ), a

fixed current through the vertical conductors ( Fig. 4 ) to generate a

magnetic field of strength 
~
11d , and a variable video current through

the horizontal conductors such that b lack corresponds to zero video I
V

current and white to a video current that generates a fie ld 
~
11d • This

arrangement assures that no demagnetizing field stronger than lt
d 

will V

10
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V exis t anywhere outside the addressed spot; and at the addressed spot ,

the fie ld ra nges be tween 
~
Hd and -ZHd . The unwanted disturbances will

all be revers ib le , and they produce little vis ible effect because of

their short duration .

Returning the memory to the initial state E can be done with a

line-at-a-time erasure . This calls for a pulse of “erase” current through

the horizontal conductors to magnetize an entire line to the state A

( Fig. 5 ) followed by a stabilizing pulse of strength -H5. These —

pulses may be applied during the time allowed for the return of the

horizontal sweep. The magnetic fie ld generated by the erase pulses are

V stronger than the ordinary addressing fie lds. So special precautions are

taken to assure that they do not generate unwanted disturbances in the 
p.

areas above the erased line ; disturbances below can be tolerated

because the downward motion of the vertical sweep assures that these

disturbances be erased within a fraction of a millisecond . Taking

advantage of this assymetry , a strong erase pulse ( up to 4 times the

magnetic field strength used for normal addressing ) can be confined to

the erased line and bel ow by passing more ( about thrt ’ times as much )

current through the lower conductor than the upper one.

The Effects of Non-uniformities

Two kinds of non-uniformities are discussed here: 1) The

magnetic field diminishes as the inverse distance from a current-carry ing

conductor , and 2) The memory material does not occupy all the area V

inside the spot.

-- 

~~~~~~~~~~~~~~~~~~~~ 
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The inverse-distance effect can cause loss of discrimination. The

field strengths at various position within the memory materia l have been

calculated. In these calculations , the usual formula for magnetic fie lds

around long cylindrical conductors are used . The flat substrate behind

the memories is supposed to be high ly permeable , so images are used in

order to satisf y boundary conditions at the interface. The permeability

everywhere else is assumed to be p0. ( The effects of higher permeability

for the memory and particle materials wou ld greatly increase the comp lexity

of the calculations , but it would enhance both the magnitude and the

uniformity of the magnetic field.) The magnetic field within the memory

is found to vary by as much as 247.. To make sure that areas of particularly

strong field do not generate unwanted disturbances , the memory must be p.

init~i1ly stabilized against the maximum unwanted demagnetizing fie ld.

This can be done by using stronger stabilizing currents and a wider range

for the addressing field . The addressing current would be increased by

about 487.

Because the memory unit does not occupy the entire area of a spot ,

the magnetic field at the edges wou ld not be the same as that at the

center. The image contrast would be reduced if some of the partic les

(for examp le , those directly in front of the addressing conductors ) were

not fully activated . This would be especially not~cQ.able in areas c’f the

image where many adjacent spots are all black ( or all white). Fortunately,

F this effect can also be overcome by using stronger magnetic fields:

V Consider an area of the picture encompassing many adjacent spots

designated to be all black ( or all white). The memory ’s magnetic fie ld V

p.
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at a shor t d istance ( say 20,.un, about equa l to the thickness of a layer

of encapsulated partic les ) in front of the memory assemb ly would be

a lmos t uniformly in the direction of the normal, so all the particles can

be fu l ly activated if they were at this position and the field were

sufficiently strong. Calculations show that the fie ld strength required

would be about three times as much as that needed to fully-modulate only

the cen tral portions of the spot.

Resolution, Contrast and Grey-tones

The particles in this disp lay are so small that they cannot be

resolved by the unaided eye ; but the resolution of the disp lay is limited 
p.

by the spot size, in this case , about 200,irn. There are several

advantages in having many particles per spot: 1) The effects of

defective particles or encapsulations become less noticible. 2) The

positions of the particles with respect to the addressing system are not

critical, so they may be placed at random to simp lify assembly of the

disp lay. 3) Each layer of particles would be so thin that multip le

layers may be used to increase contrast: In a sing le layer of encapsulated

partic les , the maximum geometric cross-section of the particles is only

0.45 times the total area. If the partic les are viewed against a dark

background , the image reflectivity will be limited to the range from 0 to

V about 0.45. By using multi p le layers , the geometric cross-section can

be extended. For a double layer, the maximum geometric cross-section is

V 
0.85 times the total area. Imperfections and shadows will probab ly 

V

reduce the effectiveness of the increased cross-section , so it seems ‘

13
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reasonable to expect an achievab le reflectivity range between 0.015 and

V 0.60 • This would give a maximum contrast ratio of 40. The particles

can be oriented so that the visible hemisphere is partly b lack and partly

white , so continuous ly variable grey tones are obtained with this disp lay

by controlling the video current. The picture in Fig. 6 was made by

del iberately degrad ing a photographic image so that its reflectivity

ranges approximate ly from 0.015 to 0.60 . It is shown here to illustrate

the expected appearance of images formed by the magnetic partic les disp lay.

Speed and Sensitivity

Response speed of the magnetic particle is a function of its

inertia , the drag due to viscosity, and the app lied and restoring torques.

The following analysis shows that inertia p lays a much lesser role than

drag. In a steady-state rotation at angular velocity fl of a sphere of
radius R1 immersed in a liquid of viscosity r~ inside a stationary

concentric spherical shell of inner rad ius R
2
, the drag is

3 3R1 R2 V

D=8 11 fl Y~ (1)
R2 - R1

Using numerical values fl = 30 rad/sec , R1 = 5 pm , R2 
= 7.5 1um , 

V

and 77 = l0~~ Kg/m-sec , we find D 2.1 x l0~~
6 newton-meters. The

moment of iner t ia  I of a part ic le of radius and density p is

8
I= _j3~~T R ~~~ . (2)

Assuming 
f 

3~~ l0~ Kg/rn
3 and R 1 5 1um , we find I = l .6Xl0 23 Kg-rn2.

p
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A torque of magnitude D will acce lerate the partic le to the steady-state

angular velocity fl in 3.5x10 6 second. It is therefore evident that

the effect of inertia is quite negligib le. Consideration of the conservation

of angular momentum assures that the time required to establish the

steady-state flow must also be of the same order of magnitude as the

particle acceleration time. The steady-state solution is a good approximation

even when the torque is not constant ; as long as its variation ~~5 V slow

enough for inertia to remain negligible. The rotation is then “ quasi-

steady”. The torques are calculated in the following paragraph , and they

satisfy the “quasi-steady” conditions.

The torque that causes the particles ’ rotation is the resultant

of 1) mutua l interactions among the particles and 2) action of the

addressing system. Interactions among the particles create a restoring p

torque to align the dipoles parallel to the display panel. This torque

V can be calculated using the formula for di po le-dipole in te rac t ions : In

this calculation , the encapsulated particles are assumed to form a p lanar

array of maximum packing density , so each capsule is in contact with six

nearest neighbors. The particles are assumed to be positioned at the

centers of the spherical capsules , to behave like dipoles , and to all be - V

pointed in the same direction. This direction is described by a polar

angle 9 to the normal and azimuthall.y towards one of the neighboring

particles. Then the torque due to a partic le ’s interactions with its

six nearest neighbors is ~~~ = 
4~~~~3 ¶2 4J~~~~’n~9 ~js~n9 cos 0 ,

turning the dipole away from the normal. Here rn is the dipole moment

and r the distance between dipoles. Interactions with all other 
V

p
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particles would increase this torque by about 307. , but it cannot be

expressed in terms of any simp le analytical expression. So the

approximate expression

I T il = t~~~~ ’’~ ~ 2 + J l _ ~~sin2 e ] sin O cos O (3)

will be used for the total torque on the partic le due to mutual

interactions. The external magnetic field near the center of the spot

is in the direction of the normal, it exerts a torque

T
~ 

m B s i n O  (4)

on the partic le. At the equilibrium position , 0 would be such that

= - T1 In a quasi-steady rotation ,

T
~~+ T 1 = D  (5)

The particle will rotate to full blackness if T
~ 

�~ T1 for all 0 ; p.

similarl y, they will rotate to full whiteness if T
~ ~ 

-~T1 for

all 6 . This determines the range of B from full blackness to full

whiteness. Using numerical values in equations 3 and 4 , the range

is calculated :

~B I  � ( l . 5X 1 0 8 ) m .  (6)

The partic les ’ di pole moments should be chosen small in order to minimize

the addressing current , but la rge enough to provide adequate response

speed . For m = 2 x 10 12 Amp-rn2 , B would have a maximum value 3 x io~
weber/m 2 ( in cgs units , m divided by the particle ’s volume is 48

oersteds and B � 3 gauss ) . This combination would provide enough

response speed to change the brightness by a factor 2 ( from 257, to

507
~ 
) within 15 milliseconds , and would require an addressing currentI V V V

of about 60 mA in each wire ( assuming a square hysteresis loop and

a permeance coefficient B/ pi0H near unity ). However, up to 4.5 t Imes 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -— V V~~~~~~~~~~~~~~~~ V V V V V
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as much current ( 270 mA ) may have to be used in order to overcome the

undesirab le effects of non-uniformity.

Power Consumption —

Currents up to 0.27 amps may be used in each conductor for

addressing. But the average current in the horizontal conductors is

only half its peak value. Resistance of 4O pm diameter coppe r wire is

about 15 ohms/meter , causing an average resistive dissipation of

0.26 watts. Other losses , such as magnetic hysteresis , liquid viscosity,

radiation , and eddy currents are estimated to be substantiall y smaller

and are therefore neglected.

The inductance ~nd capacitance of each pair of vertical addressing

conductor are 0.08 microhenries and 2.6 picofarads respective ly; for

the horizontal wires , they are 0.11 microhenrics and 2.9 picofarads

per pair. With all wires connected in series , an impedance-matched

driver should supp ly 2 volts. The rise- time would be 2.5x l0
8
second.

S

Fabrication of the Disp lay

Inexpensive methods are available for production of the magnetic - -

particles disp lay. The particles may be made of fine “hard” ferrite

powder held together by a suitab le binder. The mixture in liquid state 
V

would be forced through vibrating nozzles to form uniform spherical V

V drople ts whtch would solid if y in-flight into black , unfinished partic les.

p
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Ten micron partic les are known to be producib~ by this method 
(3) 

The

particles can then be coated white or silvered in one hemisphere and

magnetized. Perfect alignment between coloration and magnetic dipole

moment can be assured by cementing the partic les in p lace or holding them

with a magnet during these operations.

The particles may be microencapsulated in a liquid phase coacervation

process which has been used for encapsulation of many different materials.~
4
~ 

V

The f inal products would be tiny transparent hollow spheres each with a —

magnetic partic le and a small amount of inert fluid ins ide. These

encapsulated particles can then be cemented onto a suitable substrate

to form the disp lay panel.

The memory can be constructed from a variety of materials. For 
p.

maximum ruggedness and economy , ferrite powder imbedded in an impact-

resistan t plastic might be used . The waf f le - iron shaped surface  may be

molded. The memory structure wou ld lend mechanical support to the

conductor grids which may either be ordinary magnet-wires , or metallic

lines. The latter may be screen-printed , electrop lated , or formed by

photo-etching.

(3) C. D. Hendricks and S. Babil , “ Generation of Uniform O.5-l0 jun

V 

solid par ticles”, J. of Physics E: Scientific Instruments , 5

pp 905—910, (1972).

(4) J. A. Herbig , “ Microencapsulat ion” , Encyclopedia of Chemical 
V

Techno logy, Interscience , John W iley, N. Y., (1963-72).

p
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The matrix- addressing control circuits consist of solid-state

switches. They should be placed directly onto the periphery of the

display panel , eliminating the need for a large number of externa l

connections. The magnetic particles display can be addressed either

one-spot-at-a-time or one-line-at-a-time. The former method of

addressing is assumed in this study , it is compatib le with the standard

TV video outputs and does not require additional memory , So further

V complication of the addressing circuitry is avoided.

Additional Features

In addition to the many potentia l advantages already revealed by

the preceding study, the magnetic particles disp lay has other salient

features: 1) The memory is non-volatile . Once the image is formed , it

remains stored until it is erased. No power is needed to disp lay a

stationary image. For applications such as information read-outs where

the image is changed oniy occasionally, the use of this non-volatile V

memory may result in a substantial reduction of energy consumption.

2) Grey tones can be stored in the memory. 3) Very hig h data rates V

can be attained by using one-line-at-a- time addressing . 4) It is

conceivab le to obtain a disp lay for multicolored images using the basic

V magnetic-partic les principle . It can be imp lemented by using five-

colored part icles sim i lar to that show n in Fig.  7. By o r i en t i ng  the V

proper hemisphere towards the observe r , most shades of colors can be

p
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disp layed ( neutra l greys are exceptions , they can only be displayed as

a mixture of other colors , if there are many particles per spot ). The

orientation of the particle must be controlled about two axes of rotation.

This might be done by using particles with higher magnetic moments in an

inhomogeneous control fie ld. 5) The display can be modified to inc lude

feed-back sensors for app lications such as communication between computers

and users. Inputs into the memory can be made manually with a magnet ic pen.

Some of the prominent features of the magnetic particles disp lay

are listed in table 1 as a convenient reference.

Conclusions -

p

A new idea for a flat-pane l ambient-illuminated disp lay has been

presented and it has been investigated for its possib le app lication to

television. Exploiting the hysteresis properties of magnetic materials ,

an addressing system with memory can be made to serve the trip le purpose

of 1) retaining the image long enough f or the eye to see, 2) achieving

discrimination in the addressing system , and 3) reducing the requirements

for the par ticles ’ response speed: The allowed response- time has been

extended ( by a factor 250,000 ) to about 30 milliseconds which is

reasonab ly easy to achieve. It was furthermore observed that the disp lay ’s

sensitivity and response speed are dependent upon the choice of the

partic les ’ dipole strength. The power consumption of a 9 cm by 12 cm
V 

display panel would be about 0.26 watts , exc luding that dissipated in

the addressing circuitry. - 

V

p
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No exotic material or unknown technology is needed for the

fabrication of the magnetic particles disp lay, so it shou ld be possible

to develop a low-cost mass-produc ible display in a reasonably short

period of time.
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Table 1. Some Features of the Magnetic Particles Disp lay

V
V 

V

ITEM CHA RACTERISTIC S

Flat panel Less than 5 mm thick 
V

V V - 

~ ~Matrix address Good discrimination with memory*

Resolution 2001um spot size*

V 250.000 spots* ( sequential addressing
30 fr ames per second)

Higher resolution with one- line-at-a- t ime

Contrast ratio Up to 40:1 by reflection of ambient light

V Grey scale Continuous

Multicolor Possible in principle 
V

Speed 0.1 microsecond (memory write- in )*

30 milliseconds (particle response  )* 
p

Current 0.27 amp * ( 30 ms response , 200 urn spots )*

Voltage 2 volts *

Power Consumption 0.26 Watts*
No power needed for stationary images

Memory Non-volatile (needs no sustaining power)
Compatible with grey-scale

Operation under Mechanically rugged , can be made flexible
adverse conditions Can be made to operate over wide temperature range

Cost Potentially low ( need no exotic material , - V
V and technology Is available )

Life No data on partic le capsules ,
Addressing system should last indefinite ly
Partic les pane l can be changed easily If necessary

* These f igures are taken from the study on app lication to TV.
They may be used as typ ical values. V

p~ 
IV
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V Figure 1. Schenatic of Demonstration Model Illustrating Working
Princ iples of Magnetic Particles Display
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V Figure 2. Photographs of Images Formed by Demonstration Model
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Figure 3. Schematic of the Construction of the Magnetic
Particles Display
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Reflecting Range of 0.015 to 0.60

Fi gure 1. Five-Colored Sphere for usc in Multi-Color
Magnetic Particles Display
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