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input signal sampled at system clock
rate & representing desired physical
effect
(e.g. signal's amplitude & frequency =
intensity & pitch of desired sound)

‘ System clock
Magneﬁc field
50
Latch controller |~ generation controller [—"°

Latch control Electro-magnetic
charging signal force controlling
’ signal

!

Electrostatic latch |20

Magnetic field generator

40

Electrostatic force
constraining
selectable moving
elements in
selectable extreme
position
| !

electromagnetic

force to translate
unconstrained

moving elements
(e.g.soas to
compress air)

At least one array of charged moving elements

10

physical effect, e.g. sound, resembling input
signal (e.g. no. of unlatched moving elements
is proportional to input signal intensity)
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Fig. 15
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Provide at least one array of moving elements each
constrained to travel alternately back and forth along an axis
(Fig. 1B) in response to an alternating electro-magnetic force
applied to the array of moving elements. by a magnetic field

generator, the array of moving elements comprising a
magnetic layer sandwiched between a pair of electrode layers
spaced from the magnetic layer by a pair of dielectric spacer
layers, at least one of the layers being manufactured using at
least one of wafer bonding technology, layer laminating
technology, and PCB production technology.

|

Provide a latch comprising a pair of electro static latches, at
least one space maintainer separating the pair of latches and
being formed of an insulating material optionally including
manufacturing the latch and at least one space maintainer
using PCB production technology.

455

|

Selectively latch at least one subset of the moving elements

in at least one latching position by the latch, thereby to
prevent the individual moving elements from responding to
the electro-magnetic force occurring by virtue of the magnetic
field generator

460

Y

Receive system clock signal and, accordingly, control
application of electro-magnetic force to the array of moving
elements

Receive digital input signal and control latching step 460
accordingly

480

HG. 475



8/39

Jg. 5



9/39




10/39




660 20 10

670 eoé

Mr’ e v
| \B \

2

é

620 606 630

F1g. 6D

Hatching Represents
% AI Electrostatic latch

I Gasket

585939 I Magnet

v Flexure

\\\\\\ \' Top spacer
7/ / Vi Bottom spacer

Fig. 6F



12/39

1..
O
I~

704

SSSS

Jy. 7B




13/39

502

712

Jy. 7E




802 ~L_

801
—Input~

PROCESSOR

o -
-INOHOOHOO) - - -
51 ’@f 807
—B2 808
-133 800

[} \ | l

i ! * ! )

’—_’RT \\“‘« - .,=:;~,:;4’f’/

o006 - . 6

Sy 84



821

( _y—No

‘Wait for
EM|

Y

T1}

B11 A

—No

Wait for
EM|

Y
T2]

B21

—No

Wait for
EM|
v
Tnd
Byt

No

817 No— °!

818

Wait for™
EM?

v

T1t
B1}]

Y
Wait for |
EM?t

Y

T21
B2|

No—%

Wait for
EM?t

Tnt
Bn!




16/39

J 801
,—802
J‘810

t
Input signal representing sound
DSP

805

/~30

et

Electro
magnetic
force
controller

820

Electro-static latch controller

T1 B1 T2 B2

50—




17139

( Start

)

\ 4

,~ 850

Charge top latches of 50% of thé/

actuator elements

A4

855

Charge bottom latches of remaining
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110 12:13:14:15:16 117 1 I8 : 19 :110:111:112:113:114:
ouockr——ir—lrﬂ§141!ut__11

Signal
(example)
Digitized
Value

I

XTI
v
Vv

Magnetic iy /a1
T1 7 T NS
B1 i . /X : ; : . VI
1102
P1 @@@@@.@00@0@@.©©©©©00©©©©‘Qif@[
D : : : : : 1103
VIII

T2
B2 ; : : ; : L
P2 @@@@@O@@@@@Q@Q@@@Q@@OO@.@@O-/X/ 1101
P3 @O@@@0@@@@@0@@@0@0@@@@@0@@@ X1

R o o e LD
B3 v N_L i P P L TN X
P4  0000®®OEOEOOOOOOOOOEOO0000 | XIV
P5 0000000000000eeeeeee0e000000 i XV
P6 : 0000©EEOEEEOOEOOOOOOSOOC0000 | XVI
P7 000000©000000OeOOO®OO@00000 | XVII

XVIII
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. on o or B M
Clock | j I 1 | I

Signal§
(example):
“Value. < 5 s 3

Magnetic 7 1 X v J 1 X\ v y
L . : . .
B1 °
T2 > . . :
B2 ° . VII
T3 z z 5 X
B3 E i X

S s <4




28/39




29/39

Ji. 13




30/39

—Inpu

1401'f

]

1413 |
LT1—

1414
OO

1415

i i ) |
| ! ! |

1416, | .

- OO0
1417

\@LM—

1418~

OO-eo
1419
DO O-es-

1420 ' ' ' !

OO0~

- - {OHOHOHO)~1Bv—

PROCESSOR

1402 1403

—RT1»@I
1404
—RTZ
1465
—RT3-O1{OHO/O)

| t l i
! 1 i {
t | | i

© 1406

—RT~OHOHOC) - -
1407
—RB1’©>J
1408
-~ RB2-+(O @f
1409
—RB3~(OHOHOHO)

I t 1 I

oo 11410

He-000C




31/39

Digitized

Signal
(example)
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Fig. 16C
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