IN THE UNITED STATES DISTRICT COURT F
SOUTHERN DISTRICT OF NEW YORK

MOTOROLA, INC., ) M=
) Civil Action No. 07-10436 (CLB) (GAY)
)
Plaintiff, Counter-Defendant, )  District Judge Charles L. Brieant
)  Magistrate Judge George A. Yanthis
v. )
) AMENDED COMPLAINT FOR
)  DECLARATORY JUDGMENT
DIGITAL TECHNOLOGY LICENSING LLC, )
) DEMAND FOR JURY TRIAL
)
Defendant, Counter-Plaintiff. )
AMENDED COMPLAINT

Plaintiff Motorola, Inc. (“Motorola”) for its Amended Complaint against Defendant
Digital Technology Licensing LLC (“DTL”) hereby demands a jury trial and alleges as follows:

PARTIES

1. Plaintiff Motorola is a Delaware corporation with its principal place of business at
1303 East Algonquin Road, Schaumburg, IL 60196.

2. Defendant DTL is a limited liability company organized and existing under the
laws of the State of New York with its principal place of business at 75 Montebello Park,
Suffern, NY 10901-3740.

NATURE OF ACTION

3. In this action, Motorola seeks a declaratory judgment of patent non-infringement,
invalidity, and unenforceability of a United States Patent pursuant to the Declaratory Judgment
Act, 28 U.S.C. §§ 2201-02, and the Patent Laws of the United States, 35 U.S.C. § 100 ef seq.,

and such other relief as the Court deems just and proper.
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JURISDICTION

4. This Court has subject matter jurisdiction over the subject matter of this action
under 28 U.S.C. §§ 2201-02 and 28 U.S.C. §§ 1331 and 1338(a). DTL is subject to this Court’s
personal jurisdiction because it is a resident of this district.

VENUE

5. Venue is proper in this judicial district under 28 U.S.C. §§ 1391 (b), (c) and
1400(b) because Defendant DTL is organized, resides and/or engages in significant business
activities in this district.

FACTUAL BACKGROUND

6. U.S. Patent No. 5,051,799 (“the ‘799 patent”), entitled “Digital Output
Transducer,” was filed on February 17, 1989, and issued on September 24, 1991. The inventors
named on the patent are Jon D. Paul, Mark D. Clayton and Anthony M. Agnello. A copy of the
799 patent is attached hereto as Exhibit A.

7. On information and belief, DTL is the assignee and purports to be the owner of
the ‘799 patent.

8. DTL has initiated patent infringement suits against telecommunication carriers
asserting infringement of the ‘799 patent. Specifically, DTL has filed complaints against
telecommunication carriers, including Cellco Partnership d/b/a Verizon Wireless (“Verizon”),
Cingular Wireless LLC (“Cingular”), T-Mobile U.S.A. (“T-Mobile”), Sprint Nextel Corp.
(“Sprint”), and AT&T Mobility (“AT&T”) asserting that they infringe the ‘799 patent by
offering to sell and selling digital cellular handsets, and by using and inducing others to use
digital cellular telephone systems, including cellular equipment provided by Motorola. Motorola
supplies and/or has supplied telecommunication carriers, including Verizon, Cingular, T-Mobile,
Sprint, and AT&T, with digital cellular handsets and/or digital cellular equipment. Motorola has

2
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received requests for indemnification based on DTL's assertion of infringement under the ‘799
patent.

9. DTL believes that it is owed a royalty under the ‘799 patent for digital cellular
systems, including digital cellular handsets and equipment sold by Motorola.

10.  Motorola believes that it has a right to manufacture, offer to sell and sell digital
cellular handsets and equipment without a license to the ‘799 patent, and therefore does not owe
a royalty to DTL for digital cellular handsets and equipment sold to its customers. Accordingly,
there is an actual controversy between Motorola and DTL.

COUNT 1

(Declaratory Judgment Action For A Declaration Of Non-Infringement, Invalidity And
Unenforceability Of U.S. Patent No. 5,051,799)

11.  Paragraphs 1 through 10 are incorporated by reference as if fully set forth herein.

12. A valid and justifiable controversy has arisen and exists between Motorola and
DTL within the meaning of 28 U.S.C. .§ 2201.

13. Motorola is not infringing, and has not infringed, directly or indirectly, any valid
and enforceable claim of the ‘799 patent either literally or under the doctrine of equivalents.

14.  The ‘799 patent is invalid because of its failure to meet the conditions of
patentability and/or otherwise comply with the requirements of 35 U.S.C. §§ 102, 103 and/or
112.

15.  The ‘799 patent is unenforceable due to laches and inequitable conduct in its
procurement.

16.  One or more of the named inventors of the ‘799 patent had knowledge of, inter
alia, U.S. Patent Nos. 4,318,188 (“the ‘188 patent™) and 4,796,287 (“the ‘287 patent™) prior to

and during the prosecution of the patent application that led to the ‘799 patent. The 188 patent
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issued on March 2, 1982, more than one year before the filing date for the 799 patent, and is
material prior art to the ‘799 patent under 35 U.S.C. § 102(b). The ‘287 patent issued on January
3, 1989 and filed on September 27, 1985, before the filing date for the 799 patent, and is
material prior art to the ‘799 patent under 35 U.S.C. §§ 102(a),(e).

17.  More particularly, prior to filing the ‘799 patent application, Mr. Paul, one of the
named inventors, conducted a search of a patent database using search terms that he considered
would generate potentially material references to the alleged invention of the ‘799 patent. Based
on this search, he identified several references that were potentially relevant, including the ‘188
and ‘287 patents. Mr. Paul shared, at least partially, the results of this prior art search with the
other inventors of the 799 patent, and distributed a copy of at least the ‘188 patent to the other
inventors.

18.  The references from the prior art search that Mr. Paul conducted prior to filing the
patent application, including the ‘188 and ‘287 patents, were and are material to the patentability
of the “799 patent. One or more of the inventors intentionally failed to cite to the United States
Patent and Trademark Office ("PTO") any of the references that Mr. Paul identified from his
prior art search.

19.  During prosecution of the ‘799 patent, the inventors submitted a Declaration of
Commercial Success that was intended to overcome the PTO’s Office Action that rejected the
claims in view of the prior art. In particular, the inventors represented that the “Digital Output
Transducer has achieved commercial success in that between the dates of March 15, 1989, and
November 1, 1990, a quantity of 150 finished and operable digital output transducers have been
manufactured and shipped to proféssional customers and placed in use in the manner described

in the above-titled application, Serial #07/313,069, filed February 17, 1989.” On information
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and belief, the inventors misrepresented the commercial success of the alleged invention by
inflating the number of digital output transducers commercially sold in an effort to overcome the
rejection in view of the prior art.

20.  This failure to cite material prior art and the misrepresentation of a material fact
regarding commercial success to the PTO was undertaken with an intent to deceive. This
conduct constitutes inequitable conduct and renders the ‘799 patent permanently unenforceable.

21. A judicial declaration of non-infringement, invalidity and unenforceability is
necessary and appropriate to resolve this controversy.

PRAYER FOR RELIEF

WHEREFORE, Plaintiff Motorola respectfully requests that this Court enter judgment in
its favor and against Defendant DTL and grant the following relief:

A. Declaring that Motorola does not infringe, and has not infringed, directly or
indirectly, any of the claims of U.S. Patent No. 5,051,799 under any subsection of 35 U.S.C.
§271;

B. Declaring that U.S. Patent No. 5,051,799 is invalid under 35 U.S.C. §§ 102, 103,
and/or 112;

C. Declaring that U.S. Patent No. 5,051,799 is unenforceable due to laches;

D. Declaring that U.S. Patent No. 5,051,799 is unenforceable due to inequitable
conduct in the procurement of U.S. Patent No. 5,051,799;

E. Permanently enjoining Defendant DTL, its officers, agents, servants, employees,
and other representatives, and all persons in active concert or participating with any of them,
from charging infringement of, or instituting any action for alleged infringement against
Motorola, or Motorola's customers (direct or indirect) based on the use or sale of Motorola

digital cellular handsets and equipment, of U.S. Patent No. 5,051,799;
5
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F. Awarding Motorola its attorneys’ fees and costs in this action; and
G. Awarding Motorola such other and further relief as the Court may deem
appropriate and just under the circumstances.

JURY TRIAL DEMANDED

Plaintiff Motorola, Inc. hereby demands a jury trial.
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Dated: April 8, 2008 Respectfully submitted,

UL A

Russell E. Levine, P.C. (RL2466)
Paul D. Collier

Michael I. Cohen

Aaron B. Goodman
KIRKLAND & ELLIS LLP
200 E. Randolph Dr.
Chicago, Illinois 60601
(312) 861-2000 (telephone)
(312) 861-2200 (facsimile)
rlevine@kirkland.com
peollier@kirkland.com
micohen@kirkland.com

John M. Desmarais, P.C. (JD6460)
Jon T. Hohenthaner (JH1000)
KIRKLAND & ELLIS LLP
Citigroup Center

153 East 53rd Street

New York, New York 10022-4611
(212) 446-6466 (telephone)

(312) 660-0766 (facsimile)
jdesmarais@kirkland.com
jhohenthaner@kirkland.com

Attorneys for Plaintiff Motorola, Inc.
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CERTIFICATE OF SERVICE

The undersigned hereby certifies that a true and correct copy of the foregoing
PLAINTiFF MOTOROLA, INC.'S AMENDED COMPLAINT FOR DECLARATORY
- JUDGMENT AND DEMAND FOR JURY TRIAL was served on counsel of record as listed
below via electronic mail and Federal Express on April 8, 2008:
Attorneys for Defendant Digital Technology Licensing LLC

Orville R. Cockings, Esq.

Steven L. Procaccini, Esq.

Lerner, David, Littenberg, Krumholz & Mentlik, LLP
600 South Avenue West

Westfield, NJ 07090-1497

Tel: (908) 518-6373

Fax: (908) 654-7866

ocockings@ldlkm.com

sprocaccini@ldlkm.com

LY S

Attorney for Plaintiff Motorola, Inc.
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EXHIBIT A



Case 7:07-cv-10436-CLB  Document 47 Filed 04/08/08 Page 10 of 23

United States Patent 19

Paul et al.

5,051,799
Sep. 24, 1991

(11] Patent Number:
[451 Date of Patent:

{54} DIGITAL OUTPUT TRANSDUCER

[76] Inventors: Jon D. Paul, 2800 Third St.; San
Francisco, Calif. 94107; Mark D.
‘Clayton, Box 541, RD 4, New
Windsor, N.Y. 12550; Anthony M.
Agnéllo, 407 Prospect Ave.,
Princeton, N.J.-08540

[21] Appl No.: 313,069

[22]1 Filed: Feb. 17, 1989

[51] Int.CLS e HO04B 14/04; HO4R 19/04

[52} UsS.CL . 375/25; 375/27;
3817168

[58]' Field of Search ............. i 375727, 25; 3817168,

381/172, 181 111, 122, 150; 367/21 66, 67,
- 132, 140; 455/601, 608

[56] ‘References, Cited
U.S. PATENT DOCUMENTS
2,801,281 7/1957 Oliver et al. ...........
3,723,879 371973 XKauletal. ,
4,370,523 1/1983 ‘Bider ...

4,616,349 1071986 Shltlcy ....... i
4,706,261 £1/1987 Torre et B A 375727

.. 375721 X

4,907,248 3/1990 Bretl e 375727

Primary Examiner—Douglas W. Olms

Assistant Examiner—Ralph Smith

[57) ABSTRACT

Contained within a single housing (120), is a transducer
(100) for receiving an acoustic signal, an analog-to-digi-
tal converter (108), which changes the output of trans-
ducer (100) into: a series of digital pulses representing
the incoming acoustic signal. The output of the system
may be in-serial form. This serial cutput (114) is trans-
mitted (116) to a remote receiver (122) by wires, light,
optical fibers, or as tadio waves. The receiver's (122)
output (124) is applied to a digital system (130), which
processes or-reéconstriicts the acoustic Signal. The sys-
tem may inchide a digital signal processor (300) within
the housinig (120) for processing the signal (110) prior to:
‘transmission. The analog to dlgxtal converter may be:a
delta-sxgma oversampling-type, or a sub:ranging float-
ing’ peint type, or use adaptive differential pulse code
modulation. Power may be derived remotely by trans-
mission over the signal medium. _

20 Claims, 5 Drawing Sheets
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1 2
interference of the analog transmission system will be
DIGITAL OUTPUT TRANSDUCER unavoidably recorded and reproduced by the digital
recording.
BACKGROUND An analog transmission usually has a single path of
2. Field Of The Invention 5 conduction, such as a wire pair. Digital transmission

This invention. relates to transducers that convert  usually needs several.conductars or paths. The cost and
sound, vibration, or other forms of varying energy inte:  complexity of the overall system increases with the
electrical signals for transmission, storage; display, or  number of transmission paths.

analysis, such as microphones, pick-ups; and -other The'signals from the transducer are often processed
audio transducers. ] 16 after transmission, for sound modification or improve-
2. Description.of Prior Art meint:in their quality. This involves tone controls, equal-

" '}Il‘ransdu;erls‘ convert various fo;ms of ene;:gy, suchas  irers, noise gates, anti-feedback, and. other forms of
ight, sound, heat, motion, etc., from one form 0 ans  processing in the time or frequency domain. These pro-
other. Transducers used in the electronics industry in- i} gesso,,s arge physically -1arge;2nd power consuming,ind
clude mgcroplsl:nes, Plel'luP]S; aocelergmkenters. and- ol:her 15 are -generally located remotely from the transducer,
?I:ﬁf:dom i;lz::nanu‘;:rz'e;rﬁ t:cr:e ;v:)wdez:;et?e:nf z? :’h&etptrhoecii:oz; cannotnge te)':stlly cgntt ro}’l:d :ytigfll:;
. { a4, ThesE pravidess orm Ofi¢ 4 nsducer e neéd 1o be con
:éﬁ“gf}i;‘:ﬁghg'“g“:hs‘:gs’:;;;lhizgit:ﬁ' a‘i‘;g:::ngé : loc:allyf Ina sot;lncll studio, for example, the voliitie and
with the input to the transducer. Many of these trans- 20 ':ﬁ:e;tﬁc: o}p:;?)i.e : :lis:rucrophone cannot be changed by
ducers. require preamplifiers, to boost the output sig- The resolution of existing A/D conversion tech-
nals’s level; transform impedance, (for example, high. iques is limited- by theoretical comsiderations and prac-
impédance to low lmpedance) -and/or todvethecable q,l;gs "S.Ilml €6 Oy Lieoretical considerations anc prac:
that connects the. transducer 10 the equipment that is tical implementation to-a number of bits, which is not
receiving and utilizing the transducer’s = s sufficient to-accurately represent the full dyramic range

A typical e‘xamplé -of A transducer i of an audie signal'such as a live congert. ngh resolution
microphone, in which sound wave areconverted intoa A7 D converters are large, power consuming, and ex-
very low level electrical signal. by a microphone €le: ~ Pensive. . _
ment, such 4 a magnetic-dynafhic, electrostatic, of A'l._5°' the requirément for a power source and con-
crystal element. The-output of the microphone element 30 duction of signals generally dictates the use of wires.and
is then applied to an, me ance matchmg transformer, cables to connect the transducer with the equipment
and/orapreamphﬁcr, that receives the signal. In many applications, these
wires pose operational problems and can constitute
, trical signal is:ap OR €t électrical hazirds. So called * *wireless” ‘microphones,
may be 100-feer.or more in: length “The far end of the 35 using radio or ififrared, fiave been uséd 1o overcome this
cable enters. another transformer, amphf’ er, or other problem; but these still operate in the analog domain
interface device, and the output of this, in:turn, s and ususally impose additional noise and distortion pen-
by-a:studio console; tape recorders, signal analyzer; et¢, alties:'beyond those encountered in a wired system. The
tq record or process the sound. originally' produced at ireless thictophoues iise. sélf-cointairied batteries, but
the transducer. 40 these thay bé drained of energy and grow weak at any

The analog techmque of-transducmga_nd transmmmg time, thus mterruptmg #ransmission.

The existing techniques -of A/D conversion require.
that. the analog signal be bandlimited by an.input anfi-
:fr‘igfgéngy ‘ s aliasing filter, and ‘be sampled by a sample-and-hold

4 " circuit prior 16 A/D coiiversion. ‘These componeiits.
dynamic rarige ofanalogs 1etns, anibient magnet‘ and requxre addxtlonal pqwer and spacé and also gegrade
elecmca] ﬁelds, etc: The -

still in use, even, i studies 3 i

pject of the presem invention ‘to:
vide. better audxo reproducuon ‘with increased dy-

It 1§ another iject of the present. inveiition t6 pro-
vrdc a@ dxg;tal transducer system that ehmmates the.

cessed by an analog tranisdiice ana]og préamplif
analog transmission mediumm, and atialey amplifier or
transformer. This means that-the: noise, distottion, -and
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3

housing, or to derived the power directily from a two-
way transmission medinm.

It is another object of the present invention to pro-
vide for the transmission of the signal in a standardized
serial digital form, such as the industry standard, Aundio
Engineering Society/European Broadcasting Union
(AES/EBU), as described in the Committee Consulta-
tive on International Radio Recommendation, Number
647, 1986, 50 as to provide a self-contained digital trans-
ducer, which can transmit digital outputs in an industry.
standard format. It is yet another object of the present
invention to provide a hand:-held digital transducer with
an A/D conversion of greatér than 16 bits.

It is yet another object of the present invention to
prov1dc a digital transducer with built-in digital signal
processing capability for the control of frequency Ié-
sponse, equalization, dynamic response, gain control or
other parameters, within the transducer’s housing.

There are many: possible apphcatlons for such.a sys-
tem, besides that of audio. microphones. For Example,
pick-ups for musical instruments, such as :giiitar and
drum pick-ups, could be-used. Inn the field of biophysics,
transducers for biological signals, such as electroen-
cephalograms, ballistic cardiographs,etc:, can be used.
In industrial testing, pick-ups, such as accelerometers,
strain gauges, and geophones, can,use the techniquesof
this invention. Military applications include hydro-
phones for underwater sound, microphones for intelli-
gence collection, ete. Virtualty any- form. of vatying

energy could be transduced and transmiited ‘over any

distance -with real life ﬁdelny of up to 96-140. dB of
dynamic range, and with v1rtually 16 distortion, using
the present invention. Still further b_;ects and advan-
tages will become apparent from a consideration of the
ensuing descnpuon and-acompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1isa. general block diagram ofa dlgxtal output
transducing systeri in ‘accordance with ¢ -présent in-
vention.

FIG. 2 is.a block: dxagram of the systém ofthe present
inivention including -additional circuitry for a. single-

path, serial digital transmission mediim.
i i ystem;including the

additional cnrcmtry‘for ‘a builtin dxg alsighal processar:

within the digital output transducer hiousinig.
FIG: 4 is a Block diagram ef ‘the system, furfher i in-
cludmg components ne :

of the system showmg
addmonal c_lrcmtry neces_sar f@r ‘remat ]
transmission mediim.
DESCRIPTION
FIG. 1—BASIC SYSTEM
FIG: & shows a blocl’( dlagram ef the: dxgltal output

is represented 484 ox,
mlcrophone housmg. oo

» . it fmng 56
v1brauon, ot othex fforms ¢ f ‘energy are converted mto

ing

energy into 2 an electncal signal The autpm 102, of'the

—

0

4

transducer 100, may be at a low signal level. A pream-
plifier 104 can be used to increase the signal amplitude
to a level which fully exploits the dynamic range of the
succeeding circuitry. This preamplifier may be an oper-
ational amplifier, instrument amplifier, differential am-
plifier, etc. and provides voltage. gain,. current te volt-
age conversion and/or impedance convession, as
needed by the transducer. For common microphone
elements with millivolts of output, preamplifier 104-has
a gain of 40 dB;

The output 106 of preamplifier 104, is applied to an
A/D converter 108, which samples the signal at. peri-
odic intervals, frequently enough to complete]y recon-
struct the signal. The sampling rate ‘is in-accordance
with: the Nqust samphng theory as-deséribed i the
literature, e.gl. by Mischa Schwaitz, “Information
Transmission, Modulation and Noise™, McGraw Hill;
1959, pp.. 169-180; sections 4-5, 4-6. For example , with.
an:input SIgnal of bandwidth B hertz; the; Nyquxst sam-
pling. rate is 2B hertz, andd this would be:the'minimum
sampling frequenicy for the analog-to-digital conversion
process.

A/D ‘converter 108 converts, the sxgna] 106 inte a
digital representation of ihe andlog signal from the
transducer 100. There. are many techmques ‘to. imple-
ment: the A/D cenverter mdlcated in: the Fxgures as:108:

mauon or dual slope converters For! }ng resolutxon, 16
bit or hlgher, and. use with audic- bandwidth SIgnals,
conversion times of 20 inicroseconds or less dre fe-
quired. These converter teéchniques Tesult in: excessive
neise, distorfion; and power consumption, In: addition,
the input signal must-be band limited through alow pass
filtet and held constant during, the coriversion tiine. by a
sepdrate. sample-and<hold circiiit priof’to énteritig the
A7D converter. .
“These; problems have led to the search for betterand
faster conversion technigues, which ‘obviate ‘the need

40 for these additional compoiients in front of the con:
" werter. The prefen;ed techmque is 10 use & vversani-

phng converter in which thei mput sxgnal is; applxed toa
t . /]

50 Audio

It can be shov;m y
for an N kit ¢o

nique, mcludmg feedback: dxffer tial converters, |
modulation, dxfferentlal pulse code modulation; feeds
back pulse code modulauon, dnd noise shaping. All of
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these techniques are similar and differ only in the posi-
tion of input and feedback components, and in the num-
ber of bits in the high speed oversampling converter.
The output of these types of converters is linear pulse
code modulation, and practical implementations can
Jyield 16 or more bits of resolution.

The successive approximation. and dual slope A/D
techniques require an input anti-aliasing low pass filter
to bandlimit the input signal prior to sampling, and a
sample-and-hold circuit, which samples the input signal
periodically and provides a held output constant be-
tween: sample times; to the: A/D converter: These com-
poneénts are is necessary because these converters pro-
duce erroneous results if the input voltage changes
during the course of a conversion cycle.

The oversampling A/D converters do not required
either of these components and, thus, provide substan-
tial savings in space, power consumption, and cost,
which is particularly important for the present inven-

tion: The function of the input low pass filter is replaced 3

by a digital filter, within the oversampling converter;
whicli operates on the oversampled data prior to exiting
the A/D converter. The effect of this digital low-pass
filter is torprovide the same function of- ann-ahasmg as

the external low pass filter serves in the successive ap- 2

proximation systeri.

The oversampling converter input stage, which is a
high.speed comparator or a “flash”™ converter; which is
gencrally 3-6 bits-in resolution. Because these types of
converter circuits are composed of high' speed compar-
ators, they operate continuously and do not requxre a
sampled-and-held input. The instant of sampling is de-
termined within the OVersamplmg converter by adigital
latch on ;hedata commg out.of the: ‘comparator-or flash
A/D. This internal latch replaces the function of the
external sample-and-told.

By using an oversampling A/D converter, the over-
all: volume, comp]cxxty, cost, and power .consumption
of the system is greatly rediuiced, 0. the point where a

hand-held, lightweight conversion system within a mi- -

crophone housing becomespractical. Additonal savings
ate realized in the-elimitation of the. low-pass filter and
sample and hold Although other tcchmques of . A/D

alf ofthese functions wnhm @ smgl& package in
th _dunensxons ofian mdustry standard 28 pin.or 16 pin,

if ge"fieratlon' and 6 er forms of processmg
WeH know to those e i

\é':ilil(e. 'the ansm;tter 116 can be an amphﬁer for in:

—
o

15

30

6

creasing the power level of the signal. This is the sim-
plest, preferred transmitter and medium. When a wire-
leses transmission medium 118 is used, such as infrared,
optical, radio, etc., the transmitter 116 converts the
electrical signal on line 114 inte wheatever form of
energy the transmission medium conducts: For exam-
ple, in the case of light transmission, the transmitter 116
is an amplifier driving a light. emittinig diode or solid
state diode laser. For radio transmission, the transmitter
is a radio transmitter:of appropriate frequency andmod-
ulation.

The output signal form transmitter 116 leaves the
transducer housing 120:and enters transmission medium
118. In the preferred embodiment; the transmission
medium 118 can'be a.cable for wired electrical:transmis-
sion. For optical or radio transmxss:on, the air, vacuumi
or an optical fiber transmits the signal as elecfromag-
netic waves. At the receiving end :of the transmigsion
medium 118, the signal enters the receiving systeni 132,
The signal from 118 is applied to a receiver 122, Re-
ceiver, 122 converts the optical, radio;-or electrical en-
ergy in the-transmission medium back intg-an elec-
trical signal of suitable level for fiirther processmg
When transmission medipm 118'is:a cable; the receiver

. 122 is a buffer amplifier-or 1mpedance matching trans-

former. For- optical transinission, the receiver 1224 a
photodlode coupled to a suitdble amplifier.. A radio
receiver is used: for the radio link embodiment of the
irivention.

The output 124 of receiver 122. 15 connected to a
receive interface 126. Receive interface 126 )
the incoming data on 124;-for exampl
docks or parallel data, mto a data

+ This operauon is the mverse of the aé!xon of the trans-

mit interface; 112,
Digital system 130 has suitable :mearis to fiiterpret
thcsc sngnals ‘and reconstmct .the ongma] transducer

senal transmxssmn system, exther-dxrect ¥ OF

35 wm(a‘é $imple receive interface: 126.

The dxgxtal systém 130 can store: the s:gnal fér Jater
li al e It

55 tional analog o put transducers Sitice th 3 ~slgnal is

transxmtted in dlgxtal form, and. lhe resolution ‘of the

paths 10 mterconnect the transmltter and recexver to
provxde for synéhronization of the transmitter and re-
ceiver;.or for the transmission of parallel data paths. ft
is highly: deslrable iin the case of optical transmission,
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radio signals, or even cables, to minimize the number of
transmission paths, since each additional path adds cost,
size, and power consumption. In the case of parallel
systems, it is common to provide one path per bit of
transmitted data, thus ehmmatmg them from further
consideration. In serial systems, it is common to provide
‘separate transmission paths for bit clock pulses, word
clock pulses, and the data stream itself, thus requiring;
three paths.

Refernng now to FIG. 2, the several transmission
paths of FIG. 1 are reduced. to a single path ‘by multi-
plexing. The transmit interface 112'of FIG. 1is replaced
by a'single output transmit interface, 200, and: the.inter-
face 122 of FIG. 1is replaced. with-asingle path teceive

interface 206. The single output transmit-interface: 200, -

takes the output of A/D-converter 108 and processes it
mto a single path;serial digital SIgnal 202 for transmis-
sion on a single path communication' medium, 203,
which replaces the transmission miediun 118 of FIG 1.

This signal includes all of the data bits emerging from

the A/D converter 108, as ‘well as clock and frame
synchromzanon pulsés. Thie various techniques &f miil-
tlplexmg used to achieve this are well known to those
skilled in the art, and-include phase and frequency:mod-
ulation; amplitude modulation, and time division multi-
plexing.

In addition, the transmit interface may include coding
technigues, such as the: Reed-Spoleman .code; which
insert “check bits™ derived froim the ata, so:a8 to signal
the fecgiving - equxpment in me event of mlssmg of dxs-

other such etror detectmg and €rrot Correc g .
Ivis possxble t0.reconstruct a lnmted number of missing

generated at

. f_t,eqnenqu N times .h}_gh .whe_r.é N is thie niitmber of bits.

10

sxde with prOper mter- v

8
of resolution. These clock lines are indicated in FIG. 2
by the three lines 110 from the A/D converter 108 to
the transmit interface 200. In this embodiment, interface
200 takes.these three signals and multiplexes them on to
a single line serial signal, 202.

THe transmission. medium 203 consists of a single
channel of serial data, which contains all of the data
necessary to reconstruct the signal which originally
acted- on the transducer 100. Transmitter 116 and re-
ceiver 122 remain the same as in FIG. 1, but now need
only carry a single channel of data. A receive interfice
206 performs the inverse function of tranismit interface
200, and takes the single serial bit stream of data, 204
emering from the receiver 122, and reconstructs the
data stream, clock, and frame synchronization slgnals,
as well as:other data as necessary for output on line 128
to the-digital system 130.

Thterface 206 ususally includes a phase lock loop to
recover a low jitter; stable clock from the iricoming
coded data, stream. Interface 206 can also include a
serial to parallel ‘converter in cases where parallel out-
put’is desirable. Errorcode detecting and ‘correcting are
also included in this interface. The receive. intecface is
also.available as a'single integrated circuit, sich as the
commcrclally dvailable Yamaha YM36236B, which
convertes a single path serial AES/EBU input into a.24
bit serial data, bit clock and frame synchronization
pulse.

DESCRIPTION~FIG. 3—SYSTEM WITH
SELF-CONTAINED DIGITAL
PREPROCESSING
This $ystem shown in: FIG. 3 will dxglially progcess
thi 'ansduced signal, prior to its transmission:as dlgxtal
-done by-placing a digital signal processing
integrated circuit, such as the: Mctorola DSP56001,
inside of the tranducer housing, FIG. 3 is similar 1o
FIG. 1 except t at the data 110 commg ‘out of A/D

ii&bs equél-
08, nmsexeducnon 310 1i ltermg,an 'antr-feed-

medxum 320; A multi condtictor cable-or'a single téans
mission path with-:appropriate multiplexing. could be
‘used for this function.
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The use of an industry standard control format, such
as the

Musical Instrument Digital Interface (MIDI), as pub-
lished by the'International MIDI User’s Group in 1983,
is preferred. The MIDI format is commonly used for
control of music synthesizers and digital sound effects
boxes.

“The command information arriving at the transducer
120 side of ‘thie transmission medium 320 is goes to a
comimand receiver 324, located in the transducer hous-
ing-120. The command is converted by-the receiver 324
into a digital word:326 suitable for use by digital signal
processor 300. Procesor 300 responds to the command
under control of program 304, .and appropriately modi-
fies the output data 318.

This allows the digital processor 300 to be under the
control of the user of the transducer 120 or to be re-
‘motely controlled from at the receivé system 132. This
feature is most useful:in situations wheré:the tratisducer.
is difficult:to-reach or imanipulate, but where the signals
‘being transmitted require modification prior ‘to’ trans-
mission. '

BESCRIPTION—FIG. 4—SUB-RANGING A/D
CONVERTER

-As mentioped previously, the dynamic: range of sig-
nals cdn be-greater than 118 dB This would require an
A/D converter with: 20 bit: resolition. The dynamic
rdnge can be even greater for vibration sxgnals dium
pick-ups, etc. The AES/EBU serial data format -sup-
ports. word lengths of up to 24 blts, as do commonly

are ]arge ~(6’X. nehes), xexpenswe ($400), and require
substantxal power (510 watts). These: limitations :pro-
ibi in lightweight, portable, low cost; hand-
held applxca 1ons, $uch: as the transducer -desciibed in
this inyvention.

Low ¢ low power integrated ircuit converters.
arc ptcsentl hmxted 1o 16 bit’ resolutlon, whnch is theo-

poranon inte &
‘ducer. 100:

comtol ef an autemahc gam control system, or a:man-

i tmg ‘may be under :he‘

s,

4]

15

25

10
ual peak holding system such as are well known to those
of skill in the art.

The preferred technique uses a local microprocessor
or digital A/D controller, 412, connected to the output
420 of the A/D converter 416. The controller 412 peri-
odically or continuously montors. the.output 420 of the
A7/D. converter 416 and senses overload or low signal
level conditions. When the digital output of A/D con-
verter 416 exceeds a present threshold, the controller
412 decreases the signal level by decrementing the gain
register 406. Conversely, when the output 420 of A/D
converter 416 falls below a second, lower, present
threshold, controller 412 decrements the gain register
406. The output 410 of this digital interface 412 controls
the gain word register 406, which, in turn, operates the
gdin control input 408 of variable gain element 400.

The value gain or loss word at output 410 is also
multiplexed with the A7D converter output 420 in the
interface. circuit 412. This .gain woid, forms the. most
significant N bits of the ‘output word. The remaining
least significant ‘M bits come from the output of A/D
corivérter 416. Thé-output 422 of the a/d controller lias
a resolution of M plus.N bits. This is commonly known
as-a sub-ranging converter.

The preferred technique is to use a 16 bit A7D con-
verter 416 and. gain steps of 4-7/—6 dB in the Variable

-gain element 400. A microprogessor or. programmable

Togic: atray is used as the A/D: controller 412. It will
shift.the 16 bit A/D converter 416 output data left or,
right within a 24 bit output-word, by the content of gain

register 406;. dependmg upon, the magnitude of A/D

converter 416 output 420. Each shift reprcscms a 6:dB
gain or loss applied by the variable jgain glement 400,
This: system provides a theoretical 144 dB (24 bxt) dy-
namic rarige, sufficient for all signials encountered in the
redl world; suchas music;, speech, vibration, percussion,
etc. The linear coded PCM :output of the A/D con-
verter; ‘412, is ¢asily -intérfaced with existing micro-
processors, arid other audio eqmpment

‘DESCRIPTION--FIG. 5—TRANSDUCER
POWERED FROM THE TRANSMISSION
MEDIUM

The power source for hie digital outpit - transducer
iy be den ved Trom the transmission medium itself'in
¢ ion.medium can conduct

ble oran optital
ital output transducer 1 nsrmts informa-

pl !
recnﬁcd and filtered in
e power from them.

__eanoptlcaifb

cient 'to operate ,t,},i'e. digital otitput ':_ré;isagcen for :an
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extended period of time, intermittent operation can be being an accurate representation of the originally gener-
obtained by the use of a storage battery or capacitor, to ated analog signal.

accumulate this energy on a continuous basis, thus pro- In addition, the digital output transducing System
viding higher power for the digital output transducer ~ may include within the transducer housing a digital
only during its period of use. 5 signal processor, in the form of an integrated circuit, for

Referring now 16 FIG. 5, the additional comiponents  performing functions such as: frequency or amplitude
for realizing this technique include a two-way transmis- ~ madification, noise reduction, gain control, and so on,
sion medium, 508, and a power source 520, which is in an inteligent manner and under local control at the

applied to the receive side: 514 of the transmission me-  transducer, or by remote control by the receiving sys-
dium 508, by a recieve power separation rietwork 516, 10 tem. - . .
The power is transmitted in the direction. from receive The sample rate of the conversion and the operation

system 132 towards transducer 120. A transmit power  ©Of the digital signal processor may be remotely con-
separation network:500 is corinected to the medium 508 ~ trolled via commands transmitted to the transducer
and separates the received power onto port 504, while qyerthg same transmission medium used to.receive data
allowing the transmitter 316 output to pass from the 15 from the transducer. L ,
signal input port 50210 the:medium 508 via the two way The A/D conversion technique includes a method
port 506, In the preferred-embodiment, the power scpa- for extending the.dynamic range of the system up 10 24
ratlon networks consxst of passxve. R and transformer bns, Whl.f?h} 1S more than ngﬁme‘.". for_ any real world™
o tranSducing: application. The invention uses a low
20 power, low cost analog-to-digital ‘conversion methods
.that eliminate- the need for low pass filters or sample-
and-hold circuits.
The systeni includes provisions for self:contained
power soufce, as well as for powering. the transdicer
25 over the same cable that transmits the datato 2 digital
systéii-at a location remote from thit of the transdiicer.
Although several préferred embodxments hive been:
shown and-described, additional variations are possible.
For example, the transducer element can convert light
or mechanical vibration into electricity, instead of
sound waves. Therefore, the scope.of ‘the invention
should be determined by the appended: claims:and their
legal equivalents, and not by the examples given.
We claim:

The transmit power separatlon netwozk provides
transmission of DCpower fromthi two-way port to the
pOWwer output port, but blocks:this pat ‘the signal
port to the power port. ‘Such devices.a rids, direc~
tional, éduplets, and the like. are well" kiéwn to. those
who are skilled in the communications; art. The signal
cai pass-freely from:the signal port tothe two-way port.
Thé receive power separation.network performs a simi-
lar but inverse function, as is:obvious to fhose who are
skilled in the.communications.art. 15

For optical transmissien, conimércially available
fiber optic directional eotiplers:are used with a fiber and
a laser diode .on light emitting diodes, thus providing
similar functlonahty The:power output 504°of the trans-
mit power separation nietwork 500 is attached 0 3 35 1, A transducer systein for commmunicating Varying
power supply 510:input; 1ocated in the transducer, 120, energy by digital means, comprising:

Power supply 510-takes the poiwer separated: fiomi the (a) 2 housing,
medium 508 by the transmit power separation. network (b):transducer meatis within $aid Housing forconvert-
500, and-converts it to-voltage required by the:various ing varying input energy upplied to: said: trans-
parts of the: digital butput: transducer. The: €:0utputs. 512 44 ducer means intoan: analog electrical output sngna]
go to the power'input of the transducer 100, A/D con- © analo ; 1g1ta1 converter means

verter 108, transmit ‘interface $2, and the transmitter housmg for. samphng said analog “ar

116. signal from said transduger p
SUMMATRY, RAMIFICATIONS, AND SCOPE
“Thus, the teader will see: that fhe invention provides

a system that ¢an. be used tg pmv:de a high ;quality,
dlgxtal utput, transdu 3 g

'wuhout degradafion of th
tlo”'[hemve 3]

wnh clocks and ram aises: multtplexed together with
the. data, on a

transmxssxon medxum, a rcc‘exve pGWer separa on. fiet-
said receive power separation netwark including

‘system; W] ch can' e~

and is then apphe 16 a-dj
rial:data fram the receiver as

ceive and interpret the:
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a power input port, a signal output port, and a two-way -

port, said receivé power separation network connected
between said transmission medium and said reception
means, said power source connected to said power
input port of said réceive power séparation network, 2
transmit power separation nétwork coniiécted after said
transmitter output; said transmit power separation net-
work further including a power output port, a transmit
mput port.and a two-way port,-a power supply with an
input port and an output port, said power separation
network and said output port being connected to said
input port-of said power supply, said power supply said

output port being connected to at least one. component

of said digital output transduger, whereby said digital
‘output transducer will be powered by a power source
‘whichis located remotely from said. digital output trans-
ducer such that the said dlgxtal output tratisducer will
recejve power.over said transmission mediumi.

3. The systemn of claim- 1 whergin, said transducer
means is-a microphone.

4. The systein of claim 1 whérein said digital system
located at sgid remote Tocatiois includés a. digitaf-to-
analog converter for reconstructing said analog electri-
cal signal.

5. The system of claim ¥ further. iricluding a-transmis-
sibn means comprising-a pair of electrical cotidictors.

6. The system of claim 1 wherein said analog-to-digi-
tal converter: compnses

(a) variable gam means with aninput and ap output

whose gain. is controlled by a digital gain word 3

having a length of M:bjts, where M is an integer,
(b) a linear pulse-code-pulse—modulatmn ‘analog-to-
digital converter of’
mteger, for recewmg-the output of said vanable
gain means and for penodlcally sampling the out-
put of said. vanable gam means: and for convertmg

iieans: into a. seguence of digital words, each of
wh1ch repr&ents the value of a respectwe sample

analog-to-dxgltal conversxon ineans nd
sald dlgltal gam words for control

uuepur word mcludmg the ¢
pulse cade. modulauen analog to digital converter
W

predetermmed mmlmum, g
whereby the ontput of said digitd

’herem sald fransmission:
tiagnetic waves,

' 8; The 'sys'tem> 6f ¢l
inedium. is transverse &l
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9. The digital output transducer of claim ¥ wherein
said analog-to-digital converter is an adaptive delta.
modulation pulse-code modulation analog-to-digital
converter and wherein said single serial digital bit
stream'is coded as-adaptive delta modulation pulse-code
modulation. ’

10. The system of claim 1 wherein said transmission
medium is an optical fiber.

11. The digital output transducer of claim 1 wherein
said single serial digital bit streain is encoded by a pelar-
ity insensitive type of modulation.

12, The system of claim 1 wherein said teansducer
meais is a vibration pickup.

13; The system of claim 1 wherein said transmitted
sequence of said groups of digital bits includes 24 or
fewer bits of linear pulse code modulation data bits, one
or more parity bits-and one or more synchromzatlon
bits for each-of said periodicsamplés, and ‘whesein each
of said- linear pulse code modulation data bits is repre-
sented by a biphase-mark symbol so as to: minimize the
direct-current:component:of said fransmitted serial digi~
tal bit stream.

14. A pluralxty of transducer systerns of claim 1,
wherein each of' said transmitted :sequerices ‘of said
groups:of digital bis is multiplexed onto:a ¢onimion said.
transmission. means, ‘whereby a single transmission:
mieans: transmits all of said. sequences of said groups:of
digital bits for said plurality of transducer systems.

15.. A transducer system for commumcatmg varying.
energy. by-digital means, comprising:
(&) transducer means.for converting varying input

énergy into an analog electrical signal, said analog

electrical signal having a given bandw:fh
(b) oversamplmg analog to-d i

rémofe location, such that sl ansxhxssién lel be
performed in a'highly faithful manner.
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16. The system of claim 15, further includitig a con-
tinuously variable frequency digital clock rate genera-
tor whose output is connected to said analog-to-dxgual
converter, whereby the sample rate .of said analog-to-
digital converter is continuously variable so that: t_he
frequency bandwidih of said.transducer is continuously
variable.

17. The system of claim 15 wherein said single serial
digital bit streanyincludes24.or fewer bits of linea pulse
cobde modulation data bits,-one or mere-parity bits and
one or more synchroiization bits for éach ofsaid: sample
points, and wherein each of said linear pulse code mod-
ulation data bits is rcpresented ‘by-a biphase-mark sym-
bol so as to minimize:the. direct-current cémponent of
said transmitted serial digital bit stream.

18. A transducer system for commumcatmg acoustic
signals by digital means comprising:

(a) & housing,

(b) transducer means within said housing foriconvert-
ing an.acoustic:signal into am.analog electrical-out-
put sxgnal from said transducér,

© analog~to-dxg1tal converter ‘means ‘within said
housing for sampling said analog elecmcal output
signal at periodic instants and A
sampled afalog electrical output sig
quence of groups of. dlgltal bits whiich fepiesent the
reSpccnve values of saxd analog electrical output
signal atsaid periodic instants;

(d) digital sigrial processing heans logated within said
housing for: ‘modifying-said sequence of groups of
digital bits,

10
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(e) means for storing a program for controlling said
digital signal processing means,

(f) transmission means for transmitting said sequence
of groups of digital bits to a location remiote from.
said. transducer means,

® reception means located at said remote. Iocatxon
transmitted by said transmission means, and.

(h)-a digital system at said remote lqcation, said digi-
‘tal system being corinected. to said réception means
for utilizing said received sequence of groups -of
digital bits,

‘whereby said acoustic signal is converted to:a digital
signal, transmitted to said remote receiverin digital
form, and utilized by said digital system located at
said remote location such that said digital system at.

said remote.location receives a highly faithful digi-

tal répresentation .of said acoustic signal.

19. The system of claim ‘18 wherein said analog-to-
digital converter means and-said digital signal: proéess-
ing mieans are comprised of a single integrated eifcuit,

20- The systeni of claim 18, furthier mcludmg 4 coms-
mand transmitter coupled to the receive end -of said.
transmission medium, and.a command receiver Tocated:
in. said housmg, with an mput port and. an output p
said comimand receiver said input port is‘cotpled |
transmission’ medium, said output portt coupled ‘to said
digital signal processor located in said housmg.
wheteby said digital signal processor will besresponsive

to said command transmitter.
* ®x % ® %




