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RADXri~EL!PHOHE APPARA'l'"US INCLODING 

A WIRELESS HEADSE'l' 

BACltGROtnm 

The p~ejent invention relates to a 
5 radiotelephone apparatus including a wireless headset. 

MOre particularltl it relates to a multi-functional, 
wireless,· hands-ft'ee headset which is separable from a 
radioteleph~ne ~pp·a~atus. 

In rec\!l1t years, the use of hand-held, portable 
10 radiotelephones has increased dramatically. · Accompanying 

an increase in tt~e of such portable radiotelephones has 
been a desire ftJr easy and convenient operation of these 
devices. In particular, manufacturers of mobile cellular 
radiotelephones have long sought to provide efficient 

15 hands-free operation. In automobiles, for example, it i·s 

desirable to proVid~ hands-free telephones for driver 
safety and convanianee. With hands-free operation, the 
driver of a vehic~e may use both hands to control the 

20 

25 

30 

automobile. 
one. 

achieved by s.t''; 
.. Cf hands-free operation can be · 

'ereasing the qain cf the telephone's 
microphone and . . .. i!~ to allow a user to speak and 
listen from ·scliL~itance from the unit. such a 
telephone is c~i\ttliiy referred to as a· speakerphone. 
However, severa1_iiShlems are associated with a system 
constructed in~ ianner. For example, feedback and 
interference ~'i.itH.ent noise often make it difficult 
to clearly undcfrstand the words of the user. To· help 
offset problems ·c\\ii to ambient noise, the microphone qain 

, ~.: ... - •·. 
can be reduced by p1acinq an external microphone 
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connected via a. '\ri:e t.o t.~e :main bcdy of t.'1.e 

radioteleph~tt• ~lose to the user's mouth. Neve:-4".hele$S, 
the te1ephane ~Qker must sti:1l cpe..~te at hic;h volume 
thereby daittis&i?i~ the privacy of the received c:all.. 

: ' ~-...... ,.-.... 
Anoth'ei' solution is a headset with a· microphcne 

and earphcne ii ~ in Fiq. i. A cable connects the 
headset to the U.1:1 telephone apparatus. Al thcuqh having 
improved pe~f~i.nce and privacy, the headset.mu~t still 
be wired to the i'adictelephone unit. Wire connections 
are cften indtnt~9nient for use Vi t.lot a pcrtab1e 
radiotelephone. 

To ~:=me the drawbacks cf conventional 
radiotelephcne ~its, the present invpticn employs a 

15 wireless mea:ti"S ter com:mnicating between a-headset and a 
part.able ra4ititile.phcne unit. Fu:ther, the headset 
operates in twe Ii.odes. Accar<iinCI to a first mode, the 
headsat :ay ba icnnteci en the radiotelephcne where it 

20 

25 

30 

serves as a ~lia1te and micrcphone. Also, the headset 
can be separatlll ~cm the body cf the radictelephone and 
placed en the iii.a of the user. · ~n this mode cf. 

operaticn, t:lUl lhaset receives and trans:nits. 
communication ii$als fr= and to the bcdy cf the . 

. . =~~t"!~..-

radiotelepho~e lm:t'inq a call, thus prt;)vidinq hands-free 
operat.ion. 

Acciiitilt ta one embodiment of the present 
invention, & ilaist:•lephone apparatus includes a body 
havil1q •ean!; iii:ibaunicatinq with a radiote1ephone . 

·,-:·::· .. · 
network and a. it separable from the body. The 

; ~- ·.~.......... . 
headset and. · .... , 'elude respective means fer 
electrica11y 0% wil:'elessly comm.unicatinq. When the 
headset u a-e.i.idad tc 1:he.1'ody, t:he headset and body 
electrically cmi4unic:ate. When the headset is. detached 
from the .bcdy, the headset wirelessly ccia:municates with 
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the co:mmunicatinq ~eans. At least part of the headset 
can be mounted within the body when the headset is 
attached to the body.· 

The headset includes various_ components, such 
5 as a means for recaivinq a modulated carrier signal from 

the communicatin~ means in the body, means fo~ recoverinq 
an audio siqnal from the modulated carrier siqnal, means 
for amplifyinq the audio signal, and means for convertinq 
the audio signal to a sound signal. several types ·of 

10 modulation may be uSed in co:mmunicatinq the audio signal. 
For example, it is possible to use frequency modulation 
or pulse width mod,Ulation. 

Also, the body may include means for 
. controllinq tbe gain of the headset's amplifyinq means. 

15 The convertinq meatts can be a dynamic speaker or a 
piezoelectric transducer. The headset is removably 
attachable to a us~r's head, typicaliy by an ear clip 
which fits behind the user's' ear. The headset may 
further include a recharqeable battery for supplyinq 

· 20 power to the transceiver means and the amplifyinq means. 
The recharqeable battery may be recharqed by the 
radiotelephone body when the headset is attached thereto. 

Several advantaqes are realized by the present 
invention, includin• improved performance in the hands-

25 free operatioh of i portable radiotelephone. For 
example, hands~free eperation can be provided with 
increased privacy and convenience. 

The prei~ invention will now be described in 
30 more detail with ~-Z.ence to preferred embodiments, 

qiven only by·way.-if'''ikample and illustrated in the 
accompanying drawi?tgs, in which: 

Fiq. l is a.radiotelephone apparatus accordinq . 
to a conventionai system; 
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Figs. 2a-2c are sic!e and front views a:f a 
radiotelephone apparatus in accordance with Applicant's 

invention; 
!'iqs. '3a-3c illustrate attachment cf a headset 

S to a radictelephcne body in acccrdanca wit.~ Applicant's 

invention; 
Fiqs.. 4a, 4~ shew circuitry for headsets 

acccrd.inq to 'Cha present -invention; 
!'iq. 5 1llUS-~a-i;es a..1'1 exemplary circuit ~gr 

lC cbtaininq an rK signal having a variable moduJ.ation 
·index; 

Fiq. 5 shows an exicplary radiote.lephcne body 

in acecr~c:e 1'ith Applicant's invention; and 
Fig. 7 .. shovs another exemplary radiotelephone . 

15 apparatus in &CCC%dance with Applicant's invention. 

Whi1e the following ~escripticn is in the 
context of celiUl.ar c:Ql1ml.U?1ication systems involving 
portab1e or mcid1e radi.ote.1ephones "and/er personal 

20 communicauon ileitworlcs~ it will l)e understood ~ these 

skilled il1 't:he art that the present invention may l=e 
applied to ot:h~ cammunication applications. 

J'i~ 2a shows a side view and !'iqs. ~, 2c -

shew f~ant vietts of a pcrtable telephone unit 100 
2S. ac:or41.ng to the present invention. A dual-purpose 

headset 110 is S:~a1'le frcm the bcdy 120 of the 

radictelephCD.e as shewn in !'ig. 2 c. 'l'he headset 110 may 
be elec:t:r1ea11y CCtlnected to the body 120 via contac'CS 0?1 

pos~s 134 er tni headset may be·.in wireless commini.caticn 

30 with the bcdy 'ften "when the headset is attached to the 

body. When the headset is detached frcm the ~cdy, l. t .is 

in vire1ess e~1caticn with the J::Jody. Wirel.ess 

ccmmunication ill.tween the headset and Qgdy may be carried 
out in a var.i4ilt.f of" vays inc:ludinq via. radio frequency ........ . 
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signals, ultrasonic signals, and infrared signals. An 

antenna 170 on the body is provided for communicating 
with a radiotelephone network. 

In accordance with Applicant's invention, when 
5 the headset 110 is attached to the radiotelephone body 

120, a speaker 140 and a microphone 150 serve their 
respective functions for the radiotelephone 100. The 
speaker 140 and microphone 150 aiso serve those functions 
when the headset is detached from the body 120. 

10 As ·illustrated in Figs. 3a-3c, the headset 110 
is conveniently attached to the radiotelephone body 120 
by releasable clasps 130. The shaded illustrations of 
the headset 110 in Figs. 3b, Jc represent sections along 
line A•A in Fiq. 3a. As seen in these figures, each 

15 ctasp 130 advantaqeously comprises a slot 132 for 
enqaqinq a qenera11y T-shaped post 134. In Fig. Jb, the 
posts are pushed int~ the wider portions of the slots in 
the direction of the horizontal arrow and then the 
headset and body are engaged by sliding the headset down 

20 in the direction of the vertical arrow so that the 
crossbars of th~ T-shaped posts are disposed within the 
narrower portions of the slots. The headset and body are 
shown engaged in Fiq. Jc. As noted above, the posts and 
slots may include contacts 136 for electrically 

25 connectinqthe headset to the body. Besides providing a 
path for communication siqnals, the contacts 136 may be 
used for recharqinq_a battery in the headset 110. It 
will be appreciated that the wipinq action obtained when . 
the headset and body are enqaqed/disenqaged helps to.keep 

30 the surfaces of the contacts 136 clean. 
As seen in Fiqs. 2b, 2c, the headset 110 may 

also include a suitable ear clip 160, such as a simple 
wire loop that fits behind the user's ear to hold the 
headset securely to a user's bead. The ear clip 160 may 

. 35 rotate over a limited ranqe to comfortably accommodate 
individual users. '?he user may easily remove the headset 
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110 ~rom h~s er her head Dy si.Jnply liftinq t.~e ear clip 
1so pcrtion of the headse1: llO above the ear. It will he 
apprac:iatad that instead .. of bainq held to the user's ear 
1'y tn.e c:lip 160 'f!he user caul.d. hold the headset to his or 

S her ear as is ·aC?ta with a conventional talechone handset. . . 
Re:fettinq to !'ig. 4a, the headset 110 includes 

a transmitter 205 and a receiver 210, whic!l al·law for 
duplex communication vith the radiotelephone bQdy 120. 
To lD.inimize in.t~l:'t:erence and. user exposure, an RF power 

10 le~el emitted by- the transmitter 20.5 can be very low, 
e..q., en the c~d.e~ of tens of ndc:rcwatts. Thus, the 
headset can c::cm:iiranicate with the radiotelephone body over 
only short distances, for example, a few meters. It will 
be appreciated that the body 120 includes circuits 

15 comparal:Jl.e to those shown in Fig. 4a. 
~headset 110-~lso inc1udes an antenna 215 

for t:ransm.ittintg and receivinq signals ~:r;Qlll the 
radiotelephone. body 120. Fer RP' signals,. the antemia 11ay 
1'e a smali coi1 er wire disposed within the 'body or the 

20 headset, er it =.a.y be located in the ea.:r clip 160. The 
receiver 210 detects and demodulates. t.~e signal from th~ 
ante.7moa 215 to pt'cduc:e an audio sic;na.J.. Several types of 
l:lodulation may ~e employed including frequenoy modulaticn 
{1'K}, pulse. width modulation (PWM), amplitude modulation 

25 (AH), single sideband AM, quadrature. phase shift keying 
(QPR), etc. A_S described below, !'M c~ an R!' signal is 

currently praferrad. Rather than RF signals, uitrason!c 
signals or inf'rared signa.1s may be.exchanged between the 

radicte1epb.one bc~y 120 and the headset 110i the antenna, 
30 transmitter, and receiver would be Jz.odi.fied accordinql.y. 

~6 •udi.c ·si;nal prcduced by the :receiver 210 
is passed to U au41o nplifier 2ao and to the speaker 
140 .• · The cm:rently preferred way of control1inq the 
volume of the he~at 110 involves simply increasing the 

25 JllOd.U1aticn in• ot the !"M sic;nal. sent by the body to the 

headset. An increased :adulation index (i.e.,__an=---~~~--~­
THIS SHEET HAS BEEN 
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increased frequency deviation from the nominal center 
frequency) corresponds to a-greater audio volume. Fig. s 
illustrates an exemplary circuit for obtaining such an FM 
siqnal having a variable modulation index. 

s In general, an.otherwise conventional phase-
locked loop ("PLL") 600 is frequency modulated by adding 
a modulating vol1;age to the feedback loop. In the PLL, a 
part of the loop's_ output signal 680 is fed back into the 
loop's summing amplifier 620 where it i$ compared to a 

10 reference signal produced by a reference oscillator 610. 
The-output:, or error, s-iqnal produced by the amplifier 
620 is spectrally shaped by a loop filter 630, and, in a 
conventional PLL, ~e result is applied to a voltage­
controlled oscillator ("VCO") 650. · It will be 

15 appreciated that the error signal will drive the 
frequency of the loop output 680 (i.e., the output signal 
produced by the VCO 6?0) toward the frequency of the 
reference oscillator 610. The output siqnal produced by 
the vco can then be frequency shifted and transmitted in 

20 accordance with common radio techniques. 
To.frequency modulate the loop, an audio 

input signal 660 is conveniently added to the error · 
signal by a differantial amplifier 640. If the bandwidth 
cf the loop filter 630 is such that the frequencies in 

25 the audio input sipa1 are outside the loop dynamics, 
then the instantaneous frequency of the vco 650 is 
proportional to the ~agnitude-of the audio input signal. 
Keeping the loop loeked to the reference oscillator 610 
ensures that the frequency deviates about the fixed 

30 reference frequency. The modulation index of the output 
signal 680 can be increased simply by increasing the 
magnitude of the audio input siqnal, for example by using 
a voltage divider G70. The divider 670 is preferably, 
controlled by a mic::roprocessor (not s.hown) in response to 

35 actuation of appropriate keys on the body 120. 
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An advantage cf t?le foregoing vclWll.e central 
ar:ranqem.ent ill.that no special cire.iitry er othe!:'. 
ha;:dvare is l:'ei~d en the receivinc; end, i.e.., in the. 
headset. Also, a simple conventional FM dis~imi.natcr 

5 circ:u.i.t will automatically produce an audio output signal 
that is proportional .in amplitude and frequency· to the 
modulating audio input signal. If passed throuqh a 
fixed-gain amplifier 220, the speaker volume will vary 
accordinqly. In this wa.y, the headset can use · commcn, 

10 inexpensive cb:Cuits that draw little battery power. 
AS a •ore complicated alteznative e?Uicdim.ent of 

the headset 110 th.at is shewn in Fi~. 41', :burst PSX data 
sequences sent by the radiotelephone body 120 cause a 
c;ain control cii'C'.iit 225 to increment er decrement the 

is c;ain c:f the amPlif'ier 220. Curinq a messaqa l:>urst, the . _, 

audio may briefly ~e muted. A dotting sequence, or 
spec:ia1 tcme,. ld.y be sent as a preamble to a vclW1e. 
cantrol ccmmand to ·initiate the :mutinq cpera.ticn. ~us, 
the auc:U.o vol~ of the speaker 140 is conuolled l:>y the 

20 circ:ui~ 225, a4vanta~ously in response to keys located 
on the radiot-3.~hcne body 120. In Fie;. 4b, the 
transmitter 205 ·anci receiver 210 are represen1:e4 :by a 
transceiver 207. 

'l!he iiili~ied audio signa..l produce~ ~ the 
25 cmpli~ier 220 ii. $UJ:)sequently applied to the speaker 140 

which canverts it into sound. A conventional dynamic 
speaker is pr-ibl.a for its good sound quality and 
relatively •elf~ S>ower requiramentS, l:>ut a :ore cc:mpact. 
piezoe1ect=ic.~iar may also be used. 

30 D:I di bbcdiment illus"a'ated in F\q. 4a, the 

micrcphcne l!l) i'fi:ftert:s speech uttered ':cy a user of the 
hea4set llO ili~i '1.ectrical siqnals 1:ha.t ~e supplied to 
a bandpas$ fli\fi. l30 £or Z'educi.ncJ exb:'anecus noise. 'rbe 
output of "the tilter 230 may J::ie amplified by a suita1'le 

35 ampl.i.tier 235, the ou~:put c~ which is provided to the 
transmitter 405• '%n the eml:1odi.ment shown in P'i41. 4b, 'the 
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I /811~1 
output of the microphone 150 is provided to the 
transceiver -207, lthich modulates an RF carrier with that 
output. It will b-e appreciated that the transceiver 2 07 

may als~ include suitable audio siqnal conditioning 
5 components. In either embodiment, a modulated carrier is 

coupled to the antenna 215 which radiates to the main 
body 120 of the radi~telephone. 

The eompbti.ents in the headset 110 may 
advantageously be p6~ered by a miniature rechargeable 

10 battery 240. The battery 240 may be connected to 
contacts 136 to pro~de for recharging the battery when 
the headset is attabhed to the radiotelephone body 120. 

Alternately, means may be provided in the radiotelephone 
body 120 for inductively coupling energy to the battery. 

15 Such inductive co~ling devices are well known and used 
in many recharqeab1e products to eliminate the direct 
electrical contact. An inductive coupler may be 
desirable in that the possibility of f~ilure of the 
contact, .either meCh~nically or due to environmental 

20 contamination, can be avoided. As an alternative, the 
headset may be po"9red by RF energy transmitted by the 
radiotelephone body 120 and the battery omitted. 

When the headset 110 is stowed, i.e., attached 
to the body 120, it ii.y receive electric power from the 

25 body 120 through ~e bcntacts 136 and bypass the battery 
24-0.. The battery i4~ may be recharqed when the headset 
is attached to the radiotelephone body 120. When the 
headset 110 is not stowed, the recharging contacts 136 

may be deactivated. 
30 Also, the headset 110 may contain a power 

savinq circuit 245 to prolonq the life o~ the 
rechargeable battery 240. It will be appreciated that in 
the absence of a signal from the body 120, there is no 
need to power the l~dio. amplifiers or transmitter 

35 circuits in the-hea~et, only the receiver circuit. In 
the absence Cf RF-ca%rier power from the.radiotelephone 

• 
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body 120, the pctier savinq c:i.rc:uit 245 shut:S down G:.li· 

nonessatttial circuits there=y raducinq battery drain. 
When the recaivar circuit raceives an R.!' sic;nal· from the 
body l.20, the receiver (or transceiver) c;enerat~s a 

s si9n&l that eausas the power savinq c:i:r:cuit 245, 
comprisinq a switch as shown in liq .. 4a, tci provicle power 
to the ether CCJD.t'CJia.~ts. 

'I'he raeaiver can generate t.'le . contrci siqnal 
fo:r the circuit 245 based en an inc:-ease in the.received 

lO · signal strenqth i:rtdicator ("llSSI"). such use cf· the RSSX 
and receivers includinq camponents associated wit..~ the 

- . 
RSSI are known. 1'he power savin9' circuit 24.5 may easiiy 
be realized. as p·a%t of a 1ionolithic device, which can 
include the other eleci:ronic eo:pcnents· cf the headset. 

· As note.6. above and as i11ustrated> in Fig~ 6, an 
·. 

antenna 250 and a 1ov-pover t:ransce.ive:r er transmitter 
and receiver 255 aimil.ar to those in the headset l.l.O are 
provided ·in the hcdy 120 of the radiotelephone. The 
body's components 255 provide and accept siqnal.s.tc and 

20 from a_suitable transceiver 260 er other means for 
communi.eatin; vi~ a radiotel.ephcne network. ~so, .the 

antenna l.70 (sho'1i\ in Figs. 2a-2c:) used by the 
radiotelephone unit 100 tor comm.unicatinq with the 
cel1u1ar·net;WOrk ilf ~e used :er two-way wirele5s 

25 communication betWen the headse.t 110 and tha . 

radiotelephone ~eiJ- 120. Indeed, it will be appreciated 
that the Dody's CSIPc~ents 2ss an4/cr 260 may p~rform the 
function of c~ilting vith the radiotelephene netvcrlt 
as well. as the rdieicn of communicating vith the 

30 headset, and sii:~ communic:;a.t~on signa1s may ~e use4. 
· Anoth'f!i-gUdd~t of the pl:'esent invention is 

"c-:IJ°.:ei··: ~ 
illustrate!! in ~-_ ; , vhieh shows the headset ll.O stowed 

within a ccttesjiit&ii.y shapESd cavity in the 
· radiot:alephone. b"oa.t i20. 'the cavity is preferably shaped 

35 so that the haadSet 110 and body ·120 form a comp~et unit. 
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While p•rticular embodiments of Applicant's 
invention have been described and illustrated, it shoul~ 
be understood thit his invention is not limited thereto. 
This application C~ntemplates any and all modifications 

5 that fall within ·iii~ ·spirit and scope of Applicant's 
invention as def~ed by the- followinq claims. 

iiliEf 

" 
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l. A radiotelephon~ apparatus compr1s:z.nq: 
a !)Cd$', includ.inq first means for co.zzt.mmiicatinq 

vie a ?:adiate1a»h<>ne network; and 
s a. headSat, selectively attac!lable to the body 

and includi:lg $eccnd means fer ec~ieating with the 

1'cdy, 

W.eein the body i.ltc~udes third means £er 
comm.unicatiJtQ' "1th the-headset and, When the head.aet is 

l.O a.ttac:hed to the bcdy, the headset is in one cf e1ectrical 

and wireless cobtmication with the bcdy and, when the 
headset is detaehed from the body, tb.e hieadset is in 

wiralass com:mu:a!c•tion vith the body. 

2. - radiotelephone apparatus of claim 1, 
lS wherein the see'cnd comm~icating means includes: 

meams for receiving a modulated carrier signal 
f:cm tb.e th.U:O. cCltammicatinq means; and 

me~ .fbr reccvering an audio si~al from the 
modulated carr11!Z' signal; 

20 and the hea~et further includes: 
means t'br mn.pli~ying 'the audio signal recovered 

by the recoveii'S! iea.ns; and 
means tor converting the auaia signal ta a 

sound signal. 

25 l. • ne radiotelephone apparatus Of Cla.iJI 2 1 

Wherain the '.b- ftlr-...her includes means for ad.justinc;J a 
qain of the amp~ii"Yinq means. 

4 • ~- ittliotelephcne apparatus of c1aim. 2, 
wherej.n the co~g means is cne cf a dynallli.c speaker 

·30 and ·a piezoelec=-ic tzransc!ucer_.._. _______ _ 

iiiUUr· 
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s. ~e radiotelephone apparatus of claim 2, 
wherein the headset further includes means for convertinq 
a voice ·siqnal ta a return audio signal, and the second 
communicatinq m~-~odulates a return carrier signal 

5 acccrdinq to the £oetrirn audio siqnal and transmits the 
modulated return Cattier signal to the third 
communicatinq •eak\9. 

6.. me rctdiotelephone apparatUS Of Claim 2 I 
wherein the heads't further includes means for reniovably 

10 attachinq the headset· to a user's head. 

'· f!'.he radidtelephone apparatus of claim 6, 
wherein the attaCil,inq means is an ear clip which fits 
behind a lobe Of a User's ear. 

8. ~e ¥adiotelephone apparatus of claim 6, 
15 wherein the recei•!ti.q means is an antenna disposed in the 

attachinq means. 

9. !!he tadio~elephone apparatus of claim. 2, 
wherein the headititfurther includes a battery for 
supplyinq elect:2:1.'c i)&wer to the second communicatinq· 

20 means and the aif,tl.itinq means. 

10. ~e i-ad.!otelephone apparatus of cl~im 9, 
wherein the headSit iltd body further include releasable 
·clasps, each.rei•iilble clasp.includinq a contact 
connected to the Mttery, and the body· fUrther includes 

25 means, connected t:i:>·il. contact, for recharqinq the battery 
when the headset £$ ittached to the body.· 

11. Bl! E:ldiotelephone apparatus of claim 9, 
wherein th~ body t\li:ther includes means for recharqinq 
the battery, the ii.~inq means being inductively 
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ccupled to tha bat~ery when the. headset is attac!l.ed to 
the body. 

P. 10 

12. '?he radiotelephone apparatus of ~l.aim. 9, 

wherein the headset furth~ inc:l.udes means for reducinq 
s power drain fro~ 'the bat-:sry wb.en the recei. vi:nq means is 

not receiving' a 1:11.aciulatad c~ier signal. .. 

13. ~e radiotelephone apparatus cf claim 2, 

wherein the lllCdnla.tad. carriex" signal is one of· a 
n-equency-:m.cdul.ated and pulse-W'idth-modu1atad signal. 

l.O 14.. The radiotelephone apparatus cf claim 1, 
wherein the :bcciy .fUJ:l"...her. includes means for trans:i t1:i.nq 
RF energy for pcwerinq the headset. 

15. ~e radiotelephone apparatus cf claim J., 

wherein at least part cf the headset is stewed with.in a 
15 cavity in the body vhen the headset is attaehed to t:he 

body. 

20 body, 

16. A radiotelephone apparatus comprising: 
a radiotelephone body; and 

a hell.ti$et, separable from the radiotal-ephcne 

whe%'o1J\ the radio~elephcne bady inclu4es.means 
~or com:m.unicattng with a radictelephcne netwcrk and ~er· 
twc-vay wire.les~ly c=mmunicating with the headset. 
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