‘M CRCPHCNE/ LAIDSPEAKERS AND SYSTEMS USI NG MULTI PLE M CROPHONE/ LOUDSPEAKERS
FI'ELD OF THE | NVENTI ON This invention relates to nicrophone/ | oudspeakers 5
(MLs) and systens which use MLs, and particularly to systens which use
multiple ML arrangenents in Iarge conference roons and are connected to

t efephone lines so that attendees in the goxpference room can conmuni cate
with each other and through tel ephone lines. 10 BACKGROUND OF THE

| NVENTI ON Lar ge conf er enc MMICROPHOND/LOUDSPEAKERS AND' SYSwimse/ | oudspeaker s
to provide satisfactory USINGAWOULZIPLE: MICROPHONE/UOUDSERARERS h out si ders
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signals 15 nmuslIE (o) IR0 ENVEMTEON-r phone whi ch nmakes the correct
transmt/receive (tx/ r x) state sel ection to the tel ephone service.
Presently, MLs under thThaaninentionrelises e nicxophege f loudspeakers h
each ot her g@indopid Smeégeea% tohi & ML MIPESC arf'BarticiRURNS  to

such systens are
systems which use multiple M/L arrangements in large
conference rooms and are connected to telephone lines so
that attendees in the conference room can communicate with

each other and through telephone lines.

10 BACKGROUND OF THE INVENTION
Large conference rooms require multiple micro-
phone/loudspeakers to provide satisfactory coverage of the
room. To communicate with outsiders through telephone
lines, outgoing microphone and incoming loudspeaker signals
15 must pass through a speakerphone which makes the correct
transmit/receive (tx/rx) state selection to the telephone
service. Presently, M/Ls under the name Quorum Stalks have
been used in tandem with each other and with speakerphones
to achieve these ends. ‘However, 8uch systems are
20 cumbersome. '

SUMMARY OF THE INVENTION

According to a feature of 'the invention a micro-
phone/loudspeaker includes a microphone arrangement, a
loudspeaker arrangement, and means to operate as an M/L in

25 the quiescent mode and to shift to a speakerphone mode in
response to a battery vdltage on a telephone line. In the |
quiescent mode the microphone arrangement and the
loudspeaker arrangement operate substantially independent of
each other while in the speakerphone mode they interact on

30 the basis of signal strengths from the microphone and the
telephone line. ' ’

According to another feature of the invention, the
M/L includes means to connect to other M/Ls so that the



SUMVARY OF THE | NVENTI ON According to a feature of the inhvention a mcro-
phore/ | oudspeaker includes a mcrophone arrangenent, a |oudspeaker
arrangenent, and neans to operate as an ML in 25 the quiescent node and to
shift to a speakerphone node in response to a battery voltage on a

tel ephone line. In the quiescent node hg -m crophone arrangenent and

t he | oudspeaker arrangenent operate substantially independent of each ot her
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the m crophong,. éﬁagﬂ@ﬁ%@t %Pfo@HPr Md-s, and the | oudspeaker arrangement
ouagspea'ker :

of the ML couples™in tandemto .
5 These and other features of the invention are

pointed out in the claims. Other objects of the invention
will become evident from the following detailed description
when read in light of the accompanying drawings.

ERIEF DESCRIPTION OF THE DRAWINGS -~
10 Fig. 1 is a block diagram of a system embodying

features of the invention.
Fig. 2 is a schematic diagram of a switching
arrangement for use in the system of Fig. 1.

DETATLED DESCRIPTION OF PREFERRED EMBODIMENTS
15 Fig. 1 illustrates three identical microphone/-

loudspeakers ML1l, ML2, and ML3 arranged in tandem. For this
purpose jacks JAll, JAl2, and JA13 on microphone/loudspeaker
MLl are couple'a to plugs PL21, PL22, and PL23 on microphone/
loudspeaker ML2, and jacks JA21, JA22, and JA23 on micro-
20 phone/loudspeaker ML2 are coupled to plugs PL31, PL32, and
PL33 on microphone/loudspeaker ML3. Each microphone/loud-
speaker includes structure to permit operation in a
speakerphone mode and may thus be regarded as a speakerphone
as well as an M/L. Each M/L is adapted to respond
25 automatically to its position in the tandem arrangement and
assume either a speakerphone operation or, as appropriate,
a microphone/ loudspeaker operation. Specifically, when the
first microphone/loudspeaker ML1l, when it is off-hook and
thus . connects to a live telephone line T/R of a telephone
30 service carrying a battery voltage and signals {audio) from
a central office, performs a speakerphone operation. The
microphone/loudspeakers ML2 and ML3, which cannot comnect
directly to the telephone line, each perform a microphone/-
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Fig. 1 is a bl ock ystem enﬁoéyl ng features of the invention.
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structure to pesikiopgerati on.in a speakerphone node and may thus be
regarded as a speaker phapf the microphone/loudspeaker ML1, a conventional
speakerphone hybrid HI1 connect to the telephone line T/R
through the hook switch S11. When the hook switch S11 is in
10 the off-hook position shown, the hybrid HI1 splits the
telephone line T/R so that incoming audio signals pass to a
loudspeaker LOl1 and so that signals from a microphone MI1
pass to the telephone line. Similarly, in the microphone/-
loudspeakers ML2, speakerphone hybrids HI2 and HI3, when
15 operational, split the telephone line (if connected) so that
incoming audio signals at switches - 821 and €31 pass to
loudspeakers LO2 and LO3 and so that outgoing signals from
microphones MI2 and MI3 pass to the respective switches S21
and S31. The hybrids H1, H2, and H3 connect to conventional
20 speakerphone "variolossers® or loss controls LCl, LC2, and
LC3. wWhen connected to the loudspeakers and signals coming
from the microphones, the loss controls LCl1l, LC2, and LC3
each select the stronger of the microphone or received
telephone line signals in each microphone/loudspeaker and
25 place loss in the path of the weaker signal. In that way
only the stronger signal passes in each microphone/loud-
speaker. This is standard for present speakerphones and
telephone sets. An example of a loss control LCl, LC2, or
LC3 is a chip identified as a Motorola MC34118. Each
30 hybrid and loss control in each microphone/loudspeaker
constituté the structure that permits operation of the M/L
in the speakerphone mode. Together the hybrid and loss
control in any of the M/Ls are referred to as a phone
control.
35 Separate, so called, "voting circuits" or "voting
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selects either the signal from the microphone MI1 or the

signal selected by the voting circuit VO2 based on signal
strength. Voting ¢ircuit VO3 inherently selects microphone
MI3 because it senses no signal at the jack Ja3l. Voting

10 circuits of this type are part of the CS120A Quorum micro-
phone/loudspeakers available from AT&T. Their operation
with microphone/loudspeakers is well known.

‘Selector switches 812, S22, and S23 at the
loudspeaker LOl, L0O2, LO3 of microphone/loudspeakers ML1,

15 ML2, ML3 respond to actuation by detectors DEl, DE2, and DE3
and assume unactuated positions (down) which connect them to
plugs PL13, PL23, and PL33. Jacks JAl3 and JA23 then
connect the loudspeakers LOl, LO2, and LO3 to each other
when the switches S22 and S32 remain unactuated. In the

20 actuated (up) condition the switches S§12, S22, and 832
connect the loudspeakers LO1, 102, and LO3 to the
loudspeaker output of the loss controls LCl, LC2, and LC3.
The detectors DEl, DE2, and DE3 actuate the respective
switches S$12, $22, and S23 in response to battery voltages

25 on the telephone line at the input to the respective hvbrids
HI1, HIZ, and HI3.

Because the switches S12, §22, and 523 disconnect
the loudspeaker LOl, 102, and LO3 from the loudspeaker
outputs of the loss controls LCl, LC2, and LC3 in the

30 unactuated condition, the microphone/loudspeakers ML1l, ML2,
and ML3 normally (in the unactuated condition of the
switéhes) operate microphone/loudspeaker mode. When any one
of detectors DE1l, DE2, or DE3 detects a battery voltage on
the telephone line T/R, the respective switch 812, S22, or

35 823 switches (up) to connect the corresponding loudspeaker
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by virtue of their tandemed conditions, operate in the
microphone/loudspeaker mode.

10 According to an embodiment of the inwvention, the
detector DEl, DE2, and DE3 are each in the form of a relay
coil magnetically coupled to the respective switches S12,
822, and 823. When the relay coils detect no battery
voltage from the telephone line T/R, they are unenergized,

15 i.e. the switches S12, $22, and S32 assume the down position
connected to plugs PL13, PL23, and PL33. When any one of
the relay coils is energized by battery voltage on the
telephone line T/R it energizes and lifts the corresponding
switch into contact with the loudspeaker connection of the

20 corresponding loss contrel LCl, LC2, or LC3. An example of
a detector DE1 used with the switch S12 appears in Fig. 2.
Here, when the relay coil REl detects no battery voltage
from the telephone line T/R, i.e. it is unenergized, the
switch S12 assumes the down position connected to plug PL13.

25 When the relay coil REl is energized by battery voltage on
the telephone line T/R it l1lifts the corresponding switch
into contact with the loudspeaker connection of the loss
control LC1,

Aécording to another embodiment of the invention,

30 the detectors DEl, DE2, and DE3 and the switches £12, S22,
and . 832 are in the form of solid state devices such as
transistors, field effect transistors (FETs) , MOSFETs, opto-
isolators, etc. The solid state devices of the detectors
cause conduction of transistors representing a state of a

35 corresponding switch S12, 823, or 833. A full wave
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respective chips each of whose logic controls connection of
the corresponding loudspeaker LOl, LO2, or LO3 to the loss
control or plug PL13, PL23, or PL33. Respective chips may
have other parts such as the hybrids HI1, HI2, and HI3, and
the loss control LCl, LC2, and LC3.

According to an embodiment of the invention the
hook switches 811, S21, and S31 operate together with
switches (not shown) that turn the M/Ls on and off
electrically. In the on-hook positions the M/Ls are off,
and in the off-hook positions they are on.

In operation the three off-hook microphone/loud-
speakers ML1, ML2, and ML3 are first connected in tandem by
connecting the plugs PL21, PL22, PL23 and PL31, PL32, PL33
to the respective jacks Jall, JAl2, JAl3 and JA21, Jaz22,
JA23. Plugs PL11, PL13, and jacks JA31l, JA3i2, and Ja33
remain unconnected. Additional or fewer microphone/loud-
speakers may be connected in tandem. When the microphone/-
loudspeakers ML1l, ML2, and ML3 are on-hook the detectors
DE1l, DE2, and DE3 remain unactuated and the switches §12,
S23, and 833 remain in the down position in connection with
the respective plugs PL1l3, PL23, and PL33. In this
condition the microphone/loudspeakers ML1l, ML2, and ML3 are
in the microphone/loudspeakers operating mode.

The left-most microphone/loudspeaker MLl is now
connected to the telephone line T/R from a telephone central
office, and placed off-hook by switching the switch S11 to
the left. The other switches $21 and S31 are also set off-
hook but their connections through plug PL22 and jack JAl2
prevents their conmnection to the line T/R. Only the switch.
811 can produce physical connection to the line T/R.

Connection of the switch 811 to the line T/R

tute the gructure that permts operation
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results in a microphone/loudspeaker ML1 connected to the
line T/R and two loudspeaker-microphones all connected in

10 tandemn. _

All the loudspeakers L0O1l, L0O2, and LO3 now receive
audio signals from the loudspeaker output of the 1loss
control LC1 in the only microphone/loudspeaker MLl operating
in the speakerphone mode. The microphones and loudspeakers

15 all include amplifiers (not shown) as needed.

The microphone MI3 is connected to the voting unit
vo2 of the microphone MI2. The voting unit V02 selects
either its own microphone (MI2) signal or the one from
microphone MI3 based on signal strength. The voting unit

20 VOl selects the signal from the microphone MI1 or the
selected signal from microphones MIZ and MI3 based on signal
strength. Based on the selected microphone signal and the
received signal on the line T/R, the loss control performs
the appropriate speakerphone lossing operation.

25 According to one embodiment of the invent:.on, the
microphones are single microphone units. In another
emhodiment of the invention, the microphones MI1l, MI2, and
MI3 are each in the form of a set of plural microphone units
aimed outwardly in distributed radial directions to achieve

30 omnidirectional sensitivity. For each set, selection
circuits choose the radially directed microphone units
subjected to the maximum input for operation for any moment
while suppressing others at that time.

The term hock switch as used herein is often

35 referred to as switchhook.



input to.the respective hybrids H 1, H 2, and H 3. Because the swtches
S12,-°S22,” and S23 di sconnect the |oudspeaker LO1, LO2, and LO3 fromthe

| oudspeaker outputs of the loss controls LCl, LC2, and LC3 in the
unactuated condition, the mcrophone/l oudspeakers M.1, M2, and M3
normal ly (in the unactuated condition of < H sw tches) operate

m cr ophone/ | oudspeaker node. When any one of detectors DEl, DE2, or
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tel ephone line T/R they lare JhdMsErplene(laudspeakar, credprising2y  and
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any one of the relay coils s gnergized b attery voltage on the tel ephone
line T/Rit energizes and H‘?'{‘fslﬁé‘%r?%%m%gém tch into contact with
t he | oudspegker connecti e@nphbnieheoneibispasgbngikesto@idldpidre ligd aad
LC3. An exanpl det e r Wi t wtch S12 appears in Fig.
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position conneghLed 9 Rl lég:IPérgg’*émégpp the relay coil
said loudspeaker arrangement being decoupled from
10 said phone control in the one state of said selection
arrangement, and coupled to said phone control in another
state of said selection arrangement.

2. A microphone/loudspeaker as in eclaim 1,
wherein said microphone arrangement includes a microphone,
15 a voting circuit, and a connector -arrangement to voting
circuits in other microphone/loudspeakers. .

3. A microphone/loudspeaker as in claim 1,
wherein said microphone/loudspeaker further comprises a hook
switch connected to said phone control.

20 ' 4. A nmicrophone/loudspeaker as in claim 1,
wherein said loudspeaker arrangement includes means for
connecting said loudspeaker to other loudspeakers.

5. A microphone/loudspeaker as in claim 1,

. wherein said loudspeaker means includes first means for

25 connecting said loudspeaker to other loudspeakers and said

selection arrangement includes second means for connecting
said loudspeaker to still other loudspeakers.

6. A microphone/loudspeaker as in claim 1,
wherein said microphone arrangement includes a microphone,
30 a voting circuit, and means for connecting said voting
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RE1 is energized by battery vol tage- on the tel ephone |ine- TiHR= i SR
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respective shi psudspeaker to other loudspeakers and said conversion means
includes second means for connecting said loudspeaker to

other loudspeakers.
7. A system, comprising:
a plurality of microphone/loudspeakers;

10 means in each of said microphone/loudspeakers for
placing said microphone/loudspeakers in a microphone/loud-
speaker mode, when guiescent, and into a speakerphone mode
in response to voltages indicating that the microphone/loud-
speaker has been placed in an off-hook condition and is

15 connected to an active telephone line, and

means for connecting said microphone/loudspeakers
in tandem and connecting only one of said microphone/loud-
speakers to a telephone line.

8. A system as in claim 7, wherein said micro-

20 phone/loudspeakers each includes a microphone arrangement

and a loudspeaker arrangement, and wherein said means for

connecting connects said loudspeaker arrangement of each

microphone/loudspeaker to a loudspeaker arrangement in

another of said microphone/loudspeakers, and said microphone

25 arrangement of one microphone/loudspeaker connects to a
microphone arrangement of another microphone/loudspeaker.

9. A system as in claim 7, wherein said micro-

phone/loudspeakers each includes:

a microphone arrangement; : :
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a mcrophone arrangement;

a loudspeaker arrangement;

a phone control for coupling to a telephone line
and coupled to said microphone arrangement; and

a telephone voltage responsive multi-state
selection arrangement;

said loudspeaker arrangemerit being decoupled from
said phone control in the one state of salid selection
arrangement, and coupled to said phone control in another
state of said selection arrangement. '

11. A system as in claim 10, wherein in each of
said microph_one/loﬁdspeakers said microphone arrangement
includes a niicrophone, a voting circuit, and means for
connecting said voting circuit to voting circuits in other
microphone/loudspeakers.

12. A system as in claim 10, wherein in each of
said microphone/loudspeakers a hook switch is connected to
said phone control.

13. A system as in claim 10, wherein in each of
said microphone/loudspeakers wherein said loudspeaker
arrangement includes a loudspeaker and means for connecting
said loudspeaker to¢ other loudspeakers.

14. A system as in claim 10, wherein in each of.
said microphone/loudspeakers said loudspeaker arrangement
includes a loudspeaker and first means for connecting said

| This Sheet Has Been Reﬁlaced

A

m cr Qphone/ | oud speakers M1, M2, and

p@alder *Milm M Xherdiil Sasdemderibeok

S@ﬁéﬁf@ﬁ%@ B, B8 ACHR NCct i on w th the respect i ve



PL13, PL23, and P133. In this conditi on e/ | oud- A1
M.2, “and M.3 are in the m'-crophone/loud I g node.THIREHEET HAS BEEN
| ef t - most m crophone/ | oudspeaker M.1 is nowc can t he If el epiERLAIGEDe

T/R froma tel ephone central office, and placed off-hook by swTttcl
switch S11 to the left. The other switches ff2l1-and S31 are al so set off-

hook but their connections through plug PL22 and jack JAl2 prevents their
connection to lbudspeakéxzRtcOoitherhdondispelaksirls and padlducenvla;ts'tleml means

connection to n | T/
[err] -7- c%ﬁée{sl rggs-pl)go%s%rf% ﬁgﬁlé’g ct%&qf)%%’uﬁ’a %%é,é (%é%&?ﬁxé @o
switch S12 to sthdhdcothes m»ém,kars.{ ne of the | oss control LCl1 to the
| oudspeaker LO1. This places the mcro- phone/l oudspeaker M.1 in the

speaker phone node. However, it
15. A system as in claim 10, wherein in each of

5 said microphone/loudspeakers said microphone arrangement
includes a microphone, a voting circuit, and means for
connecting said voting circuit to voting circuits in other
microphone/loudspeakers, said microphone/loudspeaker further
comprises a hook switch connected to said phone control.

10 16. A system as in claim 10, wherein in each of
said microphone/loudspeakers said loudspeaker arrangement
includes first means for connecting said loudspeaker to
other loudspeakers and said conversion means includes second
means for connecting said loudspeaker to still other

15 loudspeakers, said microphone arrangement includes a
microphone, a voting circuit, and means for comnecting said
voting circuit to voting circuits in other microphone/loud-
speakers, said microphone/loudspeaker further comprises a
hook switch connected E,o said phone control.

20 ' 17. An apparatus, comprising:
microphone means for receiving sound; .
loudspeaker means for transmitting sound; and means for
placing said loudspeaker means in speakerphone relationship
to said microphone means in response to a telephone line

25 voltage and for removing said loudspeaker means from the
speakerphone relationship in the absence of the telephone
line battery wvoltage.

This Sheet Has Been Re|placed
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5 leaves.the m crophone/l oudspeakers M.2 and M.3 in the m crc?— THIS SHEET HAS BEEN
phoné/l oudspeaker node, because no T/R voltage fromthe l'ine{T/R cBBFLACED

.t

actuate the detectors DE2 and DE3. As a whole this results ima :
m cr ophone/ | oudspeaker M.1 connected to the line T/R and two

| oudspeaker-m crophones all connected in 10;,tandem Al the |oudspeakers
LO1, LO2, and LO3 now receive audio signals %romthe | oudspeaker out put of
the loss control LCl in the only m crophone/l oudspeaker M.1 operating in
t he speaker phone node. ThMIGROBHONIWEOIDRSPEANERSANDSSYSTEMS! i ncl ude

Yobing anit V02 of the mUSISSHSLTREEMICROPAENEA OUBSFRRBRRC 1 0 i her
its own nicrophone (M 2Miciaphahe/tnudspeaken éMirloMIL2iME3)include Mngictaphonk on

?n! g Pg:o h ztn (ra © R/IgEL ha%éggcﬁl\eéﬁgs%}figlc’ygg Ehg? n%]l\{odf]if)gﬁp%&%e? (S%?g’r% e sﬂ??g) 'jladn © based
on signal st PendiH.HBBEY) troperate axmicrophone{londspeakets inithmauiescant mpde and to
received si gnal siefi té ASpéakBiphdndimolld i teSPonsé 86" batterp Vbl Forh Aeldptivnelineat €
speaker phone | O(slslils]. gInOtgg E]%llels&g't mode the microphone arrangement and the loudspeaker
operate substantially independent of each other while in the speakerphone mode they
interact on the basis of their respective signal strengths. In a system, the
10 microphone/loudspeakers connect to other microphone/loudspeakers (via JA11,
PL21; JA21, PL31; JA13, PL23: JA23, PL33) so that the microphone arrangement of
one microphone/loudspeaker couples in tandem to the microphone arrangement of
other microphone/loudspeakers, and the loudspeaker of one microphone/loudspeaker
couples in tandem to loudspeaker of other microphone/loudspeakers.

—
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25 . Accordi ng to one enbodi nent of the invention,"thMEﬁmN
are - single mcrophone wunits. I'n another enbodi ment of|the | REARAGED,

the m crophones M1, M2, and ML3 are each in the formof a Set of prural
m crophone units aimed outwardly in distributed radial directions to
achieve 30 omidirectional sensitivity. 1-/ For each set, selection
circuits choose the radially directed m &phone units subjeeted—tothe
maxi mum i nput A peration for an | e suppressing others at that

time. The ternrmoof switch as used Her ¢ ften 35 refrﬁiﬁsmetﬁas)BaaRe laced
swi t chhook. - 8 Wt e~ embodr eSO I nventi on hav
in detail, it wlf Joe (€ gent 0§e |l ed in the art
i nvention may be prdo ed%tl"@,r se t departing fro S spi r|t an
scope. R '
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[err] - 9 - Cains 1. A mcrophone/l oudspeaker to be coup
line and to a plurality of other m crophone/l oudspeakers,
either inabs m crophone/ | oudspeaker node in which

fromthe tel ephone |ine and a speakerphone node in which i
-a tel ephone line, conprising: a microphone arrangenent; a |oudspeaker
arrangenent; 10 a phone control responsive to the

tel phone 1ine and i n spe REHONIHORFEAERSARBSATERUS .- opnone
arrangenent; and a selecﬁHﬂNKhMRHﬂgBHEmMKHEQBHEEHWEOEHXﬂﬂiﬁKERS vol t age
a the telephone I ne i rhEndioihqRaRRE (M AMEIIES) hétmbe ] W&o e
arrangement (M11,M12,M13) and a loudspeaker (LO1,L02,L.03) and means
(LC1,HI1,DE1) to operate as microphone/loudspeakers in the quiescent mode and to
shift to a speakerphone mode in response to a battery voltage from a telephone line
(T/R). In the quiescent mode the microphone arrangement and the loudspeaker
. operate substantially independent of each other while in the speakerphone mode they
interact on the basis of their respective signal strengths. In a system, the
microphone/loudspeakers connect to other microphone/loudspeakers (via JA11,
PL21; JA21, PL31; JA13, PL23: JA23, PL33) so that the microphone arrangement of
“" one microphone/loudspeaker couples in tandem to the microphone arrangement of
other microphone/loudspeakers, and the loudspeaker of one microphone/loudspeaker
couples in tandem to loudspeaker of other microphone/londspeakers.

Figure 1



lirne and assuming a first state and second state; said | oudspeaker

arrangenent bei ng decoupl ed from said phone control in the fi r sfReRlogepenf sheet
said 20 sel ection arrangenent so as to place the '

m crophone/ | oudspeaker in the mcrophone/l oudspeaker node, and coupled to
sai d phone control in the second state of said selection arrangenent so as

to place the m crophone/l oudspeaker in ghe speakerphone node. 25

2. A nicrophone/loudsggaken as in claiml, wherein said mcrophone

ar r angement OPAEPEREETaCRPERbPABNe, a voting circuit responsive to signals
from the m crophongiap@phonsyyoatispéakarsheipl,urdil2f yaofi ML3 include

m crophone/ | oudspeakers. 3 _ . 1&,0P e/ d aker
as in cIaiﬁFfPeﬁﬁéygiWagg?gl¥1EP%B%B%%/?%R%kékiﬁ&#é%qﬁ%: e%ggdn%g?ségia hook
switch conwhithdatre sertaphynénctoher on-heskl pOBVEAPNSHEEIN] Big} 1 the

hook switches S11, S21, and S31 all appear in the off-hook

positions.

In the microphone/loudspeaker ML1l, a conventional
speakerphone hybrid HI1 connect to the telephone line T/R
through the hook switch Sll; When the hook switch S11 is in
the off-hook position shown, the hybrid HI1 splits the
telephone line T/R so that incoming audio signals pass to a
loudspeaker LOl and so that signals from a microphone MI1
pass to the telephone line. Similarly, in the microphone/ -
loudspeakers ML2 and ML3 speakerphone hybrids HI2 and HI3,
when operational, split the telephone line (if connected) so
that incoming audio signals at switches S21 and S31 pass to
loudspeakers LO2 and LO3 and so that outgoing signals from
microphones MI2 and MI3 pass to the respective switches S21
and S31. The hybrids HI1, HI2, and HI3 connect to
conventional speakerphone "variolossers" or loss controls
LCl, LC2, and LC3. When connected to the loudspeakers and
signals coming from the microphone, the loss controls LCL,
LC2, and LC3 each select the stronger of the microphone or
received telephone line gsignals in each
microphone/loudspeaker and place loss in the path of the
weaker signal. 1In that way only the stronger signal passes
in each microphone/loudspeaker. This is standard for present
speakerphones and telephone sets. An example of a loss
control LC1l, LC2, or LC3 is a chip identified as a Motorola
MC34118. Each hybrid and 1loss control in each

_ microphone/loudspeaker constitute the structure that permits
operation of the M/L in the speakerphone mode. Together the
hybrid and loss control in any of the M/Ls are referred to as
a phone control. _

Separate, so called, "voting circuits" or "voting
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[erF] - 10 - 4. A m crophone/ | oudspeaker as in claim1l1, wherein the
plurality of m crophone/l oudspeakers each includes an internal |Repdagesekersheet

arrangenent, said | oudspeaker arrangenent includes neans for
sai d | oudspeaker to the internal |oudspeakers of the plural

m cr ophone/ | oudspeakers. 5. A m crophone/l oudspeaker as in c
the plurality of m crophone/loudspeakera each includes an in

| oud k
cui L oh moaNERE o V9%t W81 TPBnLigT S (r A CAPEVEER

connecting 5
ty of
laim 1, wherein

t er nal
tns! vaes

dsp eaEer to one

of said i ncentalollsolddpebk2y sand ItCﬁeamdcthphmnleOph@lm@I%d@bkeMI@DdMIénd f or
connecti ng gl dybousneaken ko wikel Sbeonas diuoprekaimmah Lo phural ity

of 15 m cro ers in e speaker phone

n1crophoneﬂﬂ@%@&$@@%€MIés°Fn bPaﬁhgﬁalw%%r%h?l¥9§%P9h9ﬁﬁﬁﬁﬁﬁh

@mgrpéﬁﬁgnent

includes agn comparative signal strengths. Voting circuit VOl selects

either the signal from the microphone MI1 or the signal

selected by the voting circuit VO2 based on signal

strength.

Voting circuit VO3 inherently selects microphone MI3 because

it senses no signal at the jack JA31l. Voting circuits of

this type are part of the CS120A Quorum microphone/loud-

speakers available from AT&T. Their operat
microphone/loudspeakers is well known.
Selector switches S12, S22, and S32

ion with

at the

- loudspeaker 1LO1, LO2, LO3 of microphone/loudspeakers ML1,
ML2, ML3 respond to actuation by detectors DEl, DEZ2, and DE3
and assume unactuated positions (down) which connect them to
plugs PL13, PL23, and PL33. Jacks JA1l3 and JA23 then connect

the loudspeakers LOl, LO2, and LO3 to each other

when the

switches S22 and S32 remain unactuated. In the actuated (up)
condition the switches 812, 822, and 832 connect the

loudspeakers LO1l, LO2, and LO3 to the loudspeaker

output of

the loss controls LCl1l, LC2, and LC3. The detectors DEl, DE2
and DE3 actuate the respective switches S12, S22, and $32 in

response to battery voltages on the telephone line at the

input to the respective hybrids HI1l, HI2, and HI3.

Because the switches 812, S22, and S23 disconnect the
loudspeaker LO1, LO2, and LO3 from the loudspeaker outputs of
the loss controls LCl, LC2, and LC3 in the unactuated

condition, the microphone/loudspeakers ML1, ML2, and ML3
normally (in the unactuated condition of the switches)
operate microphone/loudspeaker mode. When any one of

detectors DEl1l, DE2, or DE3 detects a battery voltage on the

telephone line T/R, the reépective switch 812, S2

2, or S32

switches (up) to connect the corresponding loudspeaker
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m crophone, a voting circuit responsive to signals fromthe m crophone and

to signals fromthe other 20 m crophone/ | oudspeakers, and Repdpcement sheet
connecting said voting circuit to voting circuits in other mcrophone/-

| oudspeakers, said m crophone/l oudspeaker further conprises a hook swtch
connected to said phone control, said the plurality of

m cr ophone/ | oudspeakers 25 I ncl wdes -i nternal | oudspeakers, said

Connoct | ng CoaEHS CUREpEAREFoL o-Ghe 1 aatd LAt or B RlARHR A MAD L

m cr ophoneitheudyesdierphmoe mokk f or Isobhectandenadd arzangpegksr shewather 30

cpeaker phodt LSRR o e Widiepihotle /TonippRanelr Al daRe eRenid e

to a battery voltage on telephone line T/R because it is the

only detector that can connect to the line T/R. Hence, only
the microphone/loudspeaker ML1 can operate in the
speakerphone mode. Microphone/loudspeakers ML2 and ML3, by
virtue of their tandemed conditions, operate in the
microphone/loudspeaker mode.

According to an embodiment of the invention, the
detector DEl, DE2, and DE3 are each in the form of a relay
coil magnetically coupled to the respective switches S12,
S22, and $32. When the relay coils detect no battery voltage
from the telephone line T/R, they are unenergized, i.e. the
switches S12, S22, and S32 assume the down position connected
to plug PL13, PL23, and PL33. When any one of the relay
coils is energized by battery voltage on the telephone line
T/R it energizes and lifts the corresponding switch into
contact with the loudspeaker connection of the corresponding
loss control LC1, ﬁC2, or LC3. An example of a detector DEl
used with the switch S12 appears in Fig. 2. Here, when the
relay coil RE1l detects no battery voltage from the telephone
line T/R, i.e. it is unenergized, the switch S12 assumes the
down position connected to plug PL13. When the relay coil
RE1 is energized by battery voltage on the telephone line T/R
it 1lifts the corresponding switch into contact with the
loudspeaker connection of the loss control LCL.

According to another embodiment of the invention, the
detectors DE1l, DE2, and DE3 and the switches S12, S22, and
832 are in the form of s=olid state devices such as
transistors, field effect t;ansistors (FETs) , MOSFETs, opto-
isolators, etc. The solid state devices of the detectors
cause conduction of transistors representing a state of a
corresponding switch 812, S23, or S32. A full wave

REPLACEMENT SHEET




- 11 - 7. A system conprising: a plurality of m crophone/l oudspeakers;
means in each of said mcrophone/loudspeakers for placing said Replacement sheet
m crophone/ | oudspeakers in a 5 m crophone/ | oudspeaker node in an

on-hook condition, and into a speakerphone node in response to voltages

I ndicating that the m crophone/l oudspeaker has been placed in an off-hook
condition and is connected to an acti e & el ephone |line, and 10

means for conne sald m.cr 0 rs,..l e 0 th
and connectig ?rﬁesfg(?ﬁé' Slgll 8:%% cfrhreéé:er%%e R‘% %e%](lé:%stt?ln%t%o@éltespeaqear ghoﬁre
node in resyertse deyhosis apeedivieditdest |mgﬁptelxalpot3ﬁé‘lr¢i§fcp§pl¢®1ﬁéfﬁm<§udspeaker has

been placed in a k%cordm%f thpé‘ﬂf Fitdidy %&b%aﬁmbatceﬂr\ﬁs?é adhiedtarmct i ve
t el ephone line. 8. stemas In ¢claim7, wherein_sa

mcr ophone/tlh@é@ﬁ@é’%@l@ Bém PRe} Lﬁfé‘% DE3REEoBRBRE oF %ﬁﬁerf'etrﬁvear?(ﬁ”fs
| oudspeakeleH ¥FJGHBRe, 1358cWe6herdls connection of the corresponding

loudspeaker LO1l, IL0O2, or LO3 to the loss control or plug
PL13, PL23, or PL33. Respective chips may have other parts
such as the hybrids HI1l, HI2, and HI3, and the loss control
1C1, LC2, and LC3.

According to an embodiment of the invention the hook
switches S11, S21, and S31 operate together with switches
(not shown) that turn the M/Ls on and off electrically. 1In
the on-hook positions the M/Ls are off, and in the off-hook

positions they are on.

In operation the three off-hook microphone/loud-
speakers ML1l, ML2, and ML3 are first connected in tandem by
connecting the plug PL21, PL22, PL23 and PL31l, PL32, PL33 to
the respective jacks JAll, JAl1l2, JAl3, and JA21, JA22, JA23.
Plugs PL11l, PL13, and jacks JA31, JA32, and JA33 remain
unconnected. Additional or fewer microphone/loudspeakers may
be connected in tandem. When the microphone/loudspeakers
ML1, ML2, and ML3 are on-hook the detectors DEl, DE@, and DE3
remain unactuated and the switches S12, S23, and 832 remain
in the down position in connection with the respective plugs
PL13, PL23, and P133. In this condition the microphone/loud-
speakers ML1, ML2, and ML3 are in the microphone/loudspeakers
operating mode.

The left-most microphone/loudspeaker ML1 is now
connected to the telephone line T/R from a telephone central
office, and placed off-hook by switching the switch S11 to
the left. The other switches S21 and S31 are also set off-
hook but their connections through plug PL22 and jack JAl2
prevents their connection to the line T/R. Only the switch
S11 can produce physical connection to the line T/R.

Connection of the switch S11 to the line T/R

o o S it oyt
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20 ° sai d nmeans for co

. ' onnects sai d | oudspeaker arrangenent of
each m crophone/| ougmﬁ“ﬁmgi\mgﬂdspeaker arrangement in anotifBlaGHreasest
m crophone/ - | oudsp NIL sal ¢ nicrophone arrangenent of one

m cr ophone/ | oudspeakér connects to a m crephone 25 arrangenent of
anot her m crophone/ | oudspeaker. 9. A systemas in claim?7, wherein said
m crophone/ | @ldsimgkers each includes: a m crophone arrangenment connected

to a m crophone arrangegent .in .another of.th | ugalit f 30
m cr ophone/ | oudspeakers**a Fo n%f}gﬂéggﬁﬁkﬁﬁ) Ek%dc9gp;ed to

| oudspeaker o rioabepRohei dimeotdin] 1 4 hsloralakiyt vofotless ] Repl acenent
nggtHFLfgoﬁgﬁg&%&gﬂgﬁg?igﬁﬁ%peakers égérLoaogégy%éxgléﬁgrcggpged to
p [

5 microphone/loudspeaker mode in which it is disconnected
from the telephone line and a speakerphone mode in
which it is connected to a telephone line, comprising:

a microphone arrangement;
a loudspeaker arrangement;

10 a phone control responsive to the télephone
line when the microphone/loudapeaker is connected to
the telephone line and in speakerphone mode and coupled
to said microphone arrangement; and

a selection arrangement responsive to a

15 voltage at the telephone line when the
microphone/loudspeaker is connected to the telephone
line and assuming a first state and second state;

gaid loudspeaker arrangement being decoupled
from said phone control in the. first state of said

20 selection arrangement so as to place the
microphone/loudspeaker in the microphone/loudspeaker
mode, and coupled to said phone control in the second
state of said selection arrangement so as to place the
microphone/loudspeaker in the speakerphone mode.

25 2. A microphone/loudspeaker as in claim 1,
wherein saild microphone arrangement includes a
microphone, a voting circuit responsive to signals from

the microphone and to signals from the plurality of
microphone/loudspeakers.

30 3. A microphone/loudspeaker ag in claim 1,
wherein sald microphone/loudspeaker further compriges a
hook switch connected to said phone control.

REPLACEMENT SHEET




ar rangemnent
‘| oudspeaker
| oudspeaker

aﬁﬂ"?éEﬁBﬁETVE’Faﬂfﬁé t el ephone line and coupled to_said ¢ sheet
in mumﬂ“mde 5 and decoupl ed f or nReRlggement sheel
in i ﬁl | oudspeaker node. 10. A systemas in

claim7, wherein*safd h1c706hoﬁe/loudspeqhﬁns each includes: a m crophone

arr angement

connected to a 10 m cr ophone arrangenent in another of

the plurality of m cropgone/ howdReRiehse / PohadpaRk¥e s {1 RNGLARAL 1
connected to a | oudspe

ker _.arrangenenf 1 p another Qf the pluralit f
nicrophone/ldﬂH%ﬁ%EReFEP p}uralf%y °é mfcroahanedﬁqaéénéﬁkQBv Géﬁgling to
thle tte! ephong rddnedgadafioineednzl SEhedSHEAREROBS LI Nt sapdd
sel ection arran

nment, to be coupled to,t el ephone 1ine and to
plurality oflﬂéﬁkPﬁ?E?Epﬁﬁﬁénd%mﬁﬂﬁxﬁ%ﬁgPé?sa ang eﬁ%n%PFﬁgpgin a
i crgphone/ - gdid loudbpedkesaley tisleinterhalhlicudspetlcersnott etefl romthe

tel ephone |1
t el ephone Ii

10

15

20

25

30

18, 8Kh £05P SR SR AR ke Sk © cOMeCt ed (0 the

5. A microphone/loudspeaker as in claim 1,
wherein the plurality of microphone/loudspeakera each
includes an internal loudspeaker, and wherein said
selection arrangement includes switch means having a
first position for connecting said loudspeaker to one
of sald internal loudspeakers in the microphone/-
loudspeaker mode and for connecting said loudspeaker to
other internal loudspeakers of the plurality of
microphone/loudspeakers in the speakerphone mode.

6. A microphone/loudspeaker as in claim 1,
wherein said wmicrephone Arrangement includes a
microphone, a voting ¢ircuit responsive to signals from
the microphone and to signals from the other
microphone/loudspeakers, and means for comnnecting said
voting ¢ircuit to voting circuits in other microphone/-
loudspeakers, said microphone/loudspeaker further
comprises a hook switch connected to said phone
control, said the plurality of microphone/loudspeakers
includes internal loudspeakers, said selection
.arrangementlincludes switch means having a first
position for comnecting said loudapeaker to one of said
internal loudspeakers in the microphone/loudspeaker
mode and for connecting said loudspeaker to other
internal loudspeakers of the plurality of microphone/-
loudspeakers in the speakerphone mode.
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sai'd | oudspeaker arran e ecoupled fromsaid phone coEtGpLa&m
‘first state of sai “ﬂ “i‘ m\ ! on arrangenent when the
nicrophone/loudspe

¢ B%et

to the tel ephone line and in

speaker phone node, and coupled to sai d-ph@ne control in another state of

sai d sel ection arrangenent

signals fromthe 30 7. pluBalsytsteni, ntompphedni:oudspeakers.
systemas in claim10

St e 17 om0, Y R R 7

voting circuit responsi meahes imgmachfmfnuahé nii crophone Atoudspeakeriss
fromthe ot hetr ﬁggﬂgg%ggadﬁ&%% phone/loudspeakers in a

5

10

15

20

25

30

microphone/loudspeaker mode in an on-hook condition,
and into a speakerphone mode in response to voltages
indicating that the microphone/loudspeaker has been
placed in an off-hook condition and is connected to an
active telephone line, and

means for connecting said microphone/-
loudspeakers in tandem to each other and connecting
only one of said microphone/loudspeakers into a
speakerphone mode in response to voltages indicating
that the microphone/loudspeaker has been placed in an
off-hook condition and is connected to an active
telephone line.

8. A gystem as in claim 7, wherein said
microphone/loudspeakers each includes a wmicrophone

A

arrangement and a loudspeaker arrangement, and wherein

said means for connecting connects said loudspeaker
arrangement of each microphone/loudspeaker to a
loudspeaker arrangement in another of said microphone/-
loudspeakers, and said microphone arrangement of one
microphone/loudspeaker ¢onnects to a micropnone
arrangement of another microphone/loudspéaker.

9. A gystem as in claim 7, wherein said
microphone/loudspeakers each inc¢ludes:

a microphone arrangement connected to a
microphone arrangement in another of tha plurality of
microphone/loudspeakers;

a loudspeaker arrangement connected to a
loudspeaker arrangement in another of the plurality of

responsive to signals fromthe nicrophone and to
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12+ A systemas in claim110, wherein in each 5 of said ¢ sheet
"m crophone/ | oudspeakers a hook switch is connected to said phon@ﬂﬂﬂﬁ?Wﬂ.
13. A systemas in claim10, wherein in each of said

m crophone/ | oudspeakers sai d | oudspeaker 1@r mangenent i I aker
and neans for 10 connecting said | oudspeaker to ,:m rmtlms‘m EFS I n
miny 10

. ;Ee p!uralitmﬁ?yﬁphuﬁfym@adbpﬁdkg?F&egs. 14. A sy;éerTazcinLﬁ

arr angement | ncl udes a % CRHCRBAROREIRY (TR ARG AL SICFOBheBANect | ng
sai d IoudsPeQbﬂaﬂ%fmeﬁ%randotespbmiﬂifﬁtéo?ﬁepEeR?phcuﬁ?Ii?d anﬂgction
oudspeaker s PR, S8 €0LanT ALRCLRAKSE F €AY BBRIRIRIEE Foatr 11 10

whergin in 2and decaambedf forind saiic dpwdepeakdrpdakdhe guicropboneliene

arrangenent hnelydes hone, a voting circuit responsive to signals
fromthe m'clr;"ﬁ;{l efa§%%1ﬁé§§§ for connecting said voting circuit to voting
circuits '

U

10. A system as in claim 7, whereln said
microphone/loudspeakers each includes:

a microphone arrangement connected to a

10 microphone arrangement in another of the plurality of.
microphone/loudspeakers;

a loudspeakar arrangement connected to a
loudspeaker arrangement in another of the plurality of
microphone/loudspeakers;

15 a phone control for coupling to Egg'telephone
line and coupled to said microphone arrangement; and

selection arrangement to be coupled to the

telephone line and to a plurality of other microphone/-
loudspeakers, and to operate either in a microphoné/-

20 loudspeaker mode in which it is disconnected from the
telephone line and a speakerphone mode in which it is
connected to the telephone line;

said loudspeaker arrangement being decoupled
from said phone control in the first state of esaid

25 selection arrangement when the microphone/loudspeaker
is connected to the telephone line and in speakerphone
mode, and coupled to said phone control in another
state of said selection arrangement responsive to
signals from the microphone and to signals from the

30 plurality of microphone/loudspeakers.

11. A system as in claim 10, wherein in
each of sald microphone/loudspeakers said microphone

REPLACEMENT SHEET |




i n "ot her m crophone/| oudspeakers, said mcrophone/loud- 25 speake
‘further conpri siﬂmmln)maﬂmmnlconnect ed to sai d phone control pﬂ@ce"‘enﬁ sheet
systemas in cl n each of said m crophone/l oudspeakers said

| oudspeaker arrangenen i'hcl®udés first- nggns for connecting said [err]

[err] | oudspeaker to a | oudspeaker in a first of said plurality of said

m cr ophone/ | artapepeerst ahtebadds! aUdﬁ. eediptiond), eactobingicdrcuit
n1crophone/|ouds eakers |ncludes se%o n?§£§$ﬂﬁé connect i sai d

| oudspeaker FSSPORSIYE J Lo Figpalr-from & QPHPRE Fty of

m crophone/ | gidtpdak offrom sthe stheephderophmiwiiendspaakedss a m crophone,

a voting circuit responsive to signals fromthe mcrophone, and neans for

connectlng sai d votlng circuit to votlng circuits in other mcro-
12. A system as in claim 10, wherein in each

5 of said microphone/loudspeakera a hook switch is
connected to said phone control.

13. A gystem as in ¢laim 10, wherein in
each of said microphone/loudspeakers said loudspeaker
arrangement includes a loudspeaker and means for

10 connecting said loudspeaker to other loudspeakers in
the plurality of microphone/loudspeakers.

14. A system as in claim 10, wherein in
each of said microphone/loudspeakers said loudspeaker
arrangement includes a loudspeaker and first means for

15 connecting said loudspeaker to a first of said other
loudspeakers and said selection arrangement includes
second means for connecting said loudspeaker to
loudspeakers in other microphone/loudspeakers.

. 15, A gystem as in claim 10, wherein in
20 each of said microphone/loudaspeakers said microphone
arrangement includes a microphone, a voting circuit
responsive to signals from the microphone, and means
for connecting said voting e¢ircuit to voting circuits
in other microphone/loudspeakers, said microphone/loud-
25 speaker further compriges a hook switch connected to
sald phone control.

16. A system as in claim 10, wherein in
each of said microphone/loudspeakers said loudspeaker
arrangement includes first means for comnnecting said
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10 phone/ | oudspeakers, e of said nicrophone/loddspeaker furt her
T conprises a hookmm m‘m a{ﬂ to said phone control. 17. Eﬁﬁfacmnt sheet
apparatus, conpri ) means for receiving sound; | oudspeaker
nmeans 15 for* transmtting sound; &% -means for placing said
| oudspeaker neans in_ speakerphone_rel ationship to said mcrophone neans in
response to koudsppakes tina Aoudgpeakari dn gefdwaty @bigaidudspeaker
means fron1&§§l Deaker £l 'f@é ARl Eﬁ%ﬂﬁgﬁf Shat 88140
t el ephone |i‘ne %oFta&geﬁﬁﬁagq;ﬁiﬁaj ??HeégPHE? udspeaker %egns and sai d
ni crophone rkewdspeakesddpe fagh ref ofaddsmigrophanevudspepkersat e
includes second means for connecting said loudspeaker
5 to a loudspeaker In & second of the plurality of
microphone/loudspeakers, said microphone arrangement
includes a microphone, a voting circult responsive to
signals from the microphone, and means for connecting
said voting circuit to veting circuits in other micro-

10 | phone/loudspeakers, each of said microphone/loudspeaker
further comprlses a hook switch connected to said phone
contxol.

17. An apparatus, comprising:
microphone means for receiving souﬁd; loudspeaker wmeans
15 for transmitting sound; and means for placing said
loudspeaker means in speakerphone relationship to said
microphone means in response to a telephone line
voltage and for removing sald loudspeaker means from
the speakerphone relationship in the absence of the
20 telephone line veoltage while maintaining said
loudspeaker means and sgaid microphone means in
loudspeaker relationship.

e
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