(err) 5 HEARI NG ASSI ST TELEPHONE 10 This invention relatggjytgiy%%%géf of
t el ephone communi cati ons equi pnment, and nore particularly relates

-t el ephone set having features beneficial to elderly 5 and hearing

i mpai red_persons. A very wide variety of telephone sets used to initiate
and receive tel ephone calls has been sholkn in the field of PLAJ:016
t el econmuni cati.ons. Wile inprovenents in 20. . the field have introduced .
significant advances in the design and capabilities of tel ephone sets, even
t he sinplest tel ephone, whether electronic or el ectro- nechanical in
nature, nust perform several fundanmental tasks. Anong these basic
operations are: requesting use 25 ‘of the tel ephone system when the
handset is |ifted or the hook-switch is closed; indicating that the system
is ready for use by receiving and reproducing a dial tone; sending the
nunber of the telephone to be called to the system indicating the status
of .a call in progress (e.g. 30 “ringing", "busy", etc ... ) by .
recei ving and reproduci ng t onBEARENGCASSEISToTELERPHONSE us. | ndicating an

i ncom ng call by neans of a ringer or other audible or visual signal
generator; converting the speech of a calling party into electrical signals
for #Pansmi ssionto a 35 di stant party through the system and
converting electrical signals received froma distant party ‘into acousti cal

' | s; adj usti t tically t I ati [ : lied to it;
and o ghai 11 ng. AP Ly sPavenkapn relabea T 2he, sl it o eiionacngs up
-2- The conrestmornidetiens equipheny,pantlymore paradiculyely)relates
.eStabl'Shedé®/§r3§f§§ﬁ8geoge% ﬁggaﬁal{ig%hggkn%eneficial to elderly

\ D and hearing impaired persons.

A very wide vq;iety'of telephone sets used to
initiate and receive telephone calls has been shown in
the field of telecommunications. While improvements in

20 the field have introduced significant advances in the
design and capabilities of telephone sets, even the
simplest telephone, whether electronic or electro-
mechanical in nature, must perform several fundamental
tasks. Among these basic operations are: requesting use

25 of the telephone system when the handset is lifted or the
hook-switch is closed; indicating that the system is
ready for use by receiving and reproducing a dial tone;

bt sending the number of the telephone to be called to the

system; indicating the status of a call in progress (e.g.

30 “ringing", "busy", etc...) by receiving and reproducing
tones indicative of the status; indicating an incoming
call by means of a ringer or other audible or visual
signal generator; converting the speech of a calling
party into electrical signals for transmission to a

35 distant party through the system, and converting

' electrical signals received from a distant party into

acoustical signals; adjusting automatically to variations
in the power supplied to it; and signalling the system
that a call is finished when a caller "hangs up".



facility. Each tel ephone is connected to a central switching station
containing signalling equipnment and 5 batteries that supply direct
current (DC) power to operate the tel ephone set. In,typical systens, each
phone.is connected to the central smntchlng facility through a IocaILgDop

of twd wires called a wire pair or t%ﬁsted pair" Smﬁtches in the ™
swi tching station 10 res ond to d| ul ses or tQnes fromthe
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nunber speePTPRRicrke bX) mee%ﬁéa cun?ntrelmdiﬁimmerseesn be .
comuni categppPiblebgeithedlcentral station's batteries. o’/

15
With a conventional electro-mechanical telephone, a
handset containing a receiver and a microphone rests in a
cradle when the phone is not in use. The weight of the
handset holds the hock-switch down, leaving the hook-

20 switch open. In_this'position, called an "on-hook"
condition, neo current loop is established on the wire
pair between the telephone set and the central switching
station; however, a ringer circuit in the telephone is
always connected to the wire pair from the central

25 office, so that the telephone may detect incoming calls
heralded by an AC ringing signal on the phone lines. v

When the handset of an electro-mechanical telephone
set is removed from its cradle, the spring-loaded hook-

30 switch closes, completing the circuit with the central
station: This is called an "off-hook" condition. The
central switching station detects the newly established
flow of current in the loop and issues a dial tone on-the -
lines to indlcate that the calling party can enter a

-'35 telephone number speclfylng the called party.



station either in the.formof dialing pulses or dialing tones. Dialing
pul ses are generated by repeatedly opening and cl osi ng the hook-sw tch;

dialing tones are 5 generated by an electronic tone generator. The
centralyswi tching station includes detection circuitry for recognizing
di al i pul ses or dialing tones, allowifig3it to automatically establish the

connection to the one specified.by the caller. [f th al Ll ed phone
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When the called party removes the handset in
response to a ringing signal, the loop to that phone is
completed by its closed hook-switch and loop current

20 flows between that phone and the central station. The
central office then removes the ringing signal and the
ringback tone from the circuit. '

The transmitter of a telephone converts the

25 acoustical signals of a caller's speech into variations
in the electrical current flowing in the current loop.
The receiver of a telephone converts variations in
electrical current flowing in the current loop back into
acoustical signals audible to a user. A small amount of

30 transmitted signal, called sidetone signal, is fed back
into the receiver of the transmitting telephone set; this
allows the user to hear his or her own voice in the
receiver to determine how -loudly to speak.

35 A teleéhone call is terminated when either the
called or calling pgrty’“hangs up" the handset, putting
the called or calling telephone in an "“on-hook"

——
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i nterruption of -1 oop current, and rel eases the connection. 5 "The
af orenenti oned basic functlons are perfornmed by even the sinplest telephone

sets. It has proven to be desireable to prOV|de t el ephones having certain
advanged features that nake then1SU|tabIe for particular appllcatlon§10r
t hat\_prake the tel ephone generally easre TO and nore efficient to use.

For exanpl g, Jpopul featu clude in_teleph S LS ability to
store freqﬁ@r‘iﬁ}&ltﬂrg'l egf’%%ﬁé%%ﬁ%i FRiNg St ?785 8e§ﬁ&tﬁe%?‘leeve and
i ssue thes&mﬂzm;s:wnomtnmb &miﬂemtf emarneleaseisl tHermenory dialing,
and VarIOU?%£§%Eﬁy di al i ng telephones have been shown in the art.

re

A simlar 'S The so-cal |l ed "energency dialing" feature, in which
energency nunbers can be dialed with a limted nunber (e.g. one or two)

keysgrokes. Anoifigs sgwéﬁénéfaﬁéﬁebwfer@@ﬁé&fangnwet BeeRBRRRESHyS 1S 2

transmt 20 nute function, Which enables a _user to nonentarily prevent

sound frome¥eMmFhe Finplest telephone 3eE$honkt HASSPFONED &0 PSsinilar to
the convendewidleahdd ko fprevide €é1 éx@e@dnwlﬁgnaartaah ddsran@eRhone

sets, except hat eived si Is fro are 25 stil
audi bl e fr%ﬁPt (ﬁﬁPﬁwﬂﬁﬁﬁ ??t%ﬁﬁg;ﬁf? ?%518?% ¥5ﬁhone sets are
partial |l y applduadteionsy @tethabrma:ke nthiestghephoneegéneraiey gasiieas nenory
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r ecept acl e e @it} | a1 4160 edi\ephidhd SifBert Oth U8 ‘ndloRyGeaial swit ching
station. In _t'he fornmer case, transforier is required

f or converFF&&ﬁﬁﬂﬁﬁﬂﬂﬂcP?ﬁP%oVEﬁs¢rﬁ%ﬂ?ﬁ?ﬁoﬁkrcgﬂPﬁﬂgke fY¥choBerating -
el ectroni c FéQEARS .id Nedled ahéRorg 2@EaliRd| ednd Vhpgonsmeadryi t, no AQY

15 dialing telephones have been shown in the art. A similar
feature is the so-called "emergency dialing" feature, in
which emergency numbers can be dialed with a limited
number (e.g. one or two) keystrokes. Another popular
feature incorporated into telephone sets is a transmit

20 mute function, which enables a user to momentarily
prevent sound from being transmitted from the telephone.
This feature is similar to the conventional "hold"
function often found on commercial-use telephone sets,
except that received signals from the called party are

25 still audible from the muted handéet.

Often, full-featured telephone sets are partially or
completely electronic in design, since features such as
memory dialing are best implemented using semiconductor

30 logic devices. 1In electronic telephone sets, operational

- - power for the various electronic components may either be
provided from a standard household electrical receptacle, -
or directly from the batteries provided at a central
sw1tch1ng station. 1In the former case, an AC-to-DC

35 transformer is required for converting household AC power
into DC power suitable for operating electronic devices.
In'the'latter case, called a line-powered unit, no AC-
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[ernfhto DC transforner is neédéd, since the .DC pomer-ls avai fabl & on *t he

incoming wire pair; line powered el ectronic tel ephone sets may therefore be
| ess expensive, smaller, and lighter than electronic 5 t el ephones
havi ng g AC-t o- DC transforner In deS|gn5ng el ectrroni c tel ephone sets,

however, partlcular attention nust be paid to the power consunption
char act eri st i¥@TDEtEaREformer ife heededosinge tthe REHPRWREr 18 om t he -

central stat I@himaobﬁr theN SHESH i3y Iﬁf@rﬁdw} aiiﬂe 1ﬁowereées' reabl e
during "on-ho esign of |ine-

ti A further consid
powker ed electqﬁﬁ?gP iﬁpﬁﬁﬁ?gggﬂfquqquﬂax £§§§ tol erant of
\t;al’l ations i rexpemsiveppsnadliergmarn® 1ighter lmﬁrﬂeét\tbnhcng it at:Nﬁn ﬁ
atteriges, u val t i_kes .whic
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i nvention to e)lemtnento telephpriec seats; \Hmtevem, @m_r@tgullart attentiahn of
{he af or emenyiechl chiaclo thi Hildd WondiRn dilatdceBrobksel Olin ne
present inventlon ncorpora vance ures in suc hat
results in aoxdepHbhat: Bheyi §l°§amn§!1m mpq/\muclamnem foemythepy 25
persons with aéﬁea?éla@éa{atahl ngnovpgov&mc%n SKimgtadif rﬁé’rﬁa%.@éhmﬂr&?a“ ng

aids. 30 A further object of ent inventron is to provid
telepﬁgne\Mn4§§4§9% ﬁb@BréPQStGﬂﬂﬂ?Q¥ hleRenatieny nenory- dlallng nunber s
inits nmenory. 35 -6- The foregoing and ot her objects of the present

'nvention are realjzedi te? cond1d2M3tion n i Qedid of line-
pewered electronic telephone sets is that they should be
very tolerant of variations in power supplied from the

15 central switching station's batteries, and they should be
resistant to voltage surges or spikes which are liable to
occur on the wire pair.

u

It is an object of the present invention to provide
20 a telephone which is equipped with several of the
aforementioned features. In addition, however, it is an
object of the present invention to incorporate such
_ advanced features in such a way that results in a
telephone that is particularly well-adapted for use by
25 persons with visual and hearing impairments, or by
persons wearing hearing aids.

30 o
. : A further
object of the present invention is to provide a telephone
which is capable of storing a plurality of memory-dialing
numbers in its memory.



I s capabl e of nenory dialing and enmergency (one-touch) dialing in either
‘tone or pulse nodes. 5 The ringer of the disclosed tel ephone has three
user-sel ectabl e volune settings; in addition, ringer indicator lights flash
in junction with the audible rlnger i n order to provide a visual
|nd£§at|on of 10 |ncon1ng cal |l s. fhe ringer ut|I|zes proportlona(ty

nore of the avay| \ %I n%wg r%ggeah_ggh gﬁje%érﬂ: produce

Iomrfrequency rlnglng ency ringi ng tones,
maki ng t hdnviengdompre @ealyze@am eylpeespnyensdr ﬁe whakeh tivity

to 15 id Paganie BefemdPyedial: rSﬁ&' éﬁér@&nhﬁre (@n’@-‘ﬂ&ﬁ_‘h)t el ephone

has a user-, qQperated vpl unme control ows .t he vol une of sound
produced E}qﬁﬁ?Qe%ﬁﬂ%&ﬁh?¥)%@P?ﬁ%?e@gtﬁefBPdﬁﬁe har d-- 20 of - heari ng.

Furshernore, as the volume is increased, the frequency response
characteristic of the soun r od r ed such that
hi gh- f requency Sukd 9 %ﬁpﬁ?l%ﬁs%}?éﬁél ge:'r%Pg#'%aHar% ﬁ&p equency .
sounds. TMsemﬂsainntabtﬁtV@kmmenmytténgsmsenladﬂatﬁn@ulamqgeri usefu
to those S hj f The keys
on the d|a |ng e pa the %%éc?@s%%hyh%ég gﬁebggg g@gy%m Qﬁ' y | ar ger-
t han nor n@ingex 1ra oxder te gpreyvidenacwi $§aﬂteﬁpﬁépaﬁép’\/|°§ual ly inpaired
us@ps or tifsmitRe carid ) r'ﬂi’élcﬁﬂnééﬁeuﬁmﬁeso wﬁbrt%rﬂl\@f md¥e keypad

en ot god B g%h pltaRls enpray Frem korenion, Fidgise Sighalm Eove)
features Imldcmwl Iﬂwmé@.remty CrDﬁganeteﬁesnehgnt tof pl:tamuveesent
|nvent|onﬁi(ié¥ﬂf eq&éhé§'r1ngzhg tones, making ‘the ringer more -
easily heard by persons having reduced sensitivity to Q)
15 higher frequency tones. '

The receiver of the disclosed telephone has a user-
operated volume control which allows the volume of sound
produced by the receiver to be increased for the hard-

20 of-hearing. Furthermore, as the volume is increased, the
frequency response_characteristiCS of the sound produced
by the receiver is shaped such that high-frequency sounds
are amplified slightly more than lower-frequency sounds.
The enhanced high' frequency response is particularly

25 useful to those persons having reduced sensitivity to
high-frequencies. '

The keys on the dialing keypad of the disclosed

telephone are of a slightly larger than normal size, a
30 feature which is helpful for visually impaired users or
those users with reduced fine motor coentrol. Moreover,
the keypad is provided with an array of line-powered
lights which illuminate the enlarged keys enough for
viewing in darkened environments.
35 o '

The novel features believed characteristic of a

telephone set of the present invention are set forth in



t he appended clains. -The invention itself, however, as well as other

features and-advantages thereof, w |l be best understood with reference to
a detalled description of a preferred enbodi ment which follows, when read .
inb5 zonjunction with the follomnn drawi ngs, wherein: Figure 1 is a -

di agraka/n bl ock: form showi ng the priT rj'functionaT'Conponents in a

t el ephone one t. of & e ention;

Figure 2 |€sﬂ&aaa§§gém c#jélg?am ?ﬁgbv\ﬁﬁgzgﬁﬂgﬁ ﬁ)%%#'t ﬁe‘%?*%ft?
|nclud|ngWﬁiirﬁﬁmﬂ#h%rrﬁeatureadandoathnmagasﬁthdnaQiﬂEﬂﬁtmehef 'Fi gure
1, 15 | dggﬁg Lgoul ation
and st oraé’eescfr rﬁ%%ﬁdt e te*a gﬁ%ﬁg"’%f ]Eﬁbure a?PX‘@f.a §chemat I C
di agr am s/®fnigh Prekerred | epbodiment whighy §q qufy tdrepERRA olnFi gure 1

Figgre 5 icordulictticn witlh! €8& fewwﬁntgheﬁammjsa,t QtherdD@: circuit in the
t el ephone of Figure 1; 25 Figure 6 is a schematic diagramof the

speech circuits in- the t el ephone of Figure 1; Figure 7 is a schematic
di agram of the Rigure rohéral dtageamt in baobMEﬂbﬁmﬂdhﬂwind thgure 1; 30

Figure 8 i (o] for receiver in the
telephoneékfﬁé%gj q&t§§%£§Q§8$§¥§gﬁ§8 Q& gp# ghency response 35
curve for WHMQ/é{iﬂn ohe esbodiweptopfritier @r_Bsent Batvenrtiongri ng
ing@ a detailed description of the circuitry in a telephone in accordance
with the present, inventipn, it may be useful to consjider an inyentory of
the prinary coﬁH@Nﬁﬂs?|¥§t%es?hﬁ@éﬁéﬁed&ﬁﬁﬂéﬂmﬁhﬂ"%ﬁ? a RREtiPRvPEf the

i nteract i ehedfoiASRIAP DINEPAE Eng Rehe! Fifgeko dlkdwits! ari kM Dsde di agr am of

a .
bridge of the telephone of Figure 1;
15 Figure 3 is a schematic diagram showing the power
regulation and storage circuitry in the telephone of
Figure 1;
Figure 4 is a schematic diagram showing the dialing
20 circuits in the telephone of Figure 1;
"Figure 5 is a diagram in block form of the
integrated voice circuit in the'telephone of Figure 1;
. 25 Figure 6 is a schematic diagram of the speech
; circuits in the telephone of Figure 1;
LN '
Figure 7 is a schematic diagram of the volume
control circuitry in the telephone of Figure 1;
30

Figure 8 is a graph of a frequency response curve
for the receiver in the telephone of Figure 1; and
Figure 9 1s a graph of a frequency response
35 curve for the receiver in the telephone of Figure 1.



t el ephone iLn accordance with the. present invention is shown—_ In
conformance with standards in the field of 10 t el ephony, the tel ephone
of Figure 1 is interfaced with a central t el ephone ,switching station via a
"Io al 1 oop" conprising two wires conventionally referred to as TIP gnd

G)l ines. These lines are dendfég as 50a and 50b, respectively, ﬁ?ﬂ

' iw?)”éﬁnéuct PEGES PRRCEIAY Inbd ' Betaiobd SilloatliElbn Bg fud 1oL

st anflanxremi,@mm 8i hglephone Jmlclaccmamleeprme tlie mgesebnt |t S ?f Or-
Itse

'Corrp ed | n pal’ a?}:e?a%pg\é!eh %ﬁﬁ wm%ﬁ’iﬂ dmyi!%ﬂéﬁ ¥ T

I nst al |t|onal si ngl e-, e phones. TIP
line Sthe PELTARE FPRRODERLS. ANy the lephone, and chdBietonduct i ng both

sanal oG few N6L! ERbI Qﬁté&a&'ibna%tﬁﬂiersectccﬁﬂﬁdrﬁiﬁtépc) pover signal 25
generated by batteries at a central swtching station. The anal og voice

i.nformation is communi cated across the |loop in the form of speech-frequency
vari ati ons Refébheingr tenFibure g aanbEMldiagﬁkmenfiéHPKSI|ne 50b bet ween

the t ef..a t nodul at ed

curree% %ﬂgu%%r;ﬁpgggé%laﬁgét h@tt | re%t currghrte i?ﬁg‘%ﬁ]la SO carrl ed on

t hese shows. Ihntﬁbafmamnemmm&aﬁmmw diebdrafi ng wit hout
12ddi t i <Rdprony eX{:ﬁé“%El g%hes% %Ei%xredrla"!é‘&dﬁe%ﬁl%&“w%ﬁ' apower from

the centra sta lon's res can be seen In Figure 1, the

tel eprﬁﬁfkﬂr%lﬁﬂ&i’bﬁﬁef mx&m@w gration vigomikegal loop” a di ode
br i dgecdmpr D& ihg CLiby Witekh convenitidthal iy Hefirrdd to s SPapand RING |ine

c o oo FrB BEpRE L ShOke’ Linda B Sanabe i 208 R EbBn: piken

whi ch regpepbivelypn ttheFiguze 1. In accordance with the W,
15 present invention, a standard two-conductor modular cord
may be used to connect the telephone to a standard
household single-line jack.

The telephone of Figure 1 is a complete, line-
20 'powered telephone which may be used by itself, or
installed in parallel with additional standard, single-
line phones. TIP line 50a and RING line 50b perform the
dual functions of conducting both analog voice
information as well as a direct-current (DC) power signal
25 generated by batteries at a central switching station.
The analog voice information is communicated across the :
loop in the form of speech-frequency variations in the A
current flowing on TIP line 50a and RING line 50b between
the telephone set and the central station. The speech-
30 modulated current is superimposed upon the direct current
signal also carried on these lines. 1In this way, the
telephone is capable of operating without additional
- external power sources, drawing-its operational power
from the central station's batteries.

1A
v,

As can be seen in Figure 1, the telephone includes
the following functional components"



[oop; - aringer circuit 20 and-a ringer 70, for heralding 10
incomng calls to the tel ephone of - Figure 1; - a dialer circuit 22 and
di al er keypad 152, for -allowng a user to initiate outgoing tel ephone
calls fromthe tel ephone of Figure 1; 15 - power storage and power
suppl onponents, designated generally'a? Z4 in Figure 1, for supplying

operational power faqr the.telephqne; and 20 iC a speedy. circuit 26,
for performing th& a&gﬁsﬁ%%lw Jeckifying, 89853‘?‘5& ing 8ignal
t el ephone of ofi §EPelinel 1502 Erdl RENG vl ie a50bjnci pal “aspect  of t-he present
25 I nvention, the tel ephone of Figure 1 includes three additianal .
conponents: A volune control circuit 30 allows for user adjustnent of the
vol une of sotnd epi SUEger prategtArtS@sforpreventing pfher companentsat es
the digling kRYeRd tedephthe frdiBe g eiYosearte’adftgingd high-i sual
I ndi cation that the %gpne,ls ringj.ng. . Wil be - hér el naf ter
descri bed i nVgLEage transient, gRikes Hhich Bay appeas RRsthe dedal ear
frequency reggepge characteristic which -allows for. enphasis of-higher-
frequency sounds. Finally, the tel ephone of the present 35 enbodi nment
of the invention has several user control sw tches, not shown in Figure 1,
whi ch all ow & usea rdngerectiraritai2o raniksa afingera?oenfor heralldimghone,
such 34 -10-:3S,0L9R6 QL 1RW S (ﬁﬁﬂi3 , §§$h r apsgk L. qUut kg, nenory dialing,
ener g]é%cy " o%igé?{gggﬁ %&IQ'H }3’ and és%le . %‘hggeﬂ a urg_'é wi |l be described
in greater detail below 5. The conponents of the tel ephone shown
in Figure 1are canhaaled Wirtie Jp!4ieg aidsek Cibgpaa Ak, Sken A
hearing-ai d conpati bl e K-series handset 28 1s |1 kew se

.allowing a user to initiate outgoing telephone calls from

Yt the telephone of Figure 1; '
15
- power storage and power supply components,
designated generally as 24 in Figure 1, for supplying

operational power for the telephone; and

20 - a speedy circuit 26, fcf'performing the necessary
analog/voice signal processing in the telephone of Figure
1. ' '

In accordance with a principal aspect of the present
25  invention, the telephone of Figure 1 includes three
additional components: A volume control circuit 30
allows for user adjustment of the volume of sound emitted
from handset 28; an array of lights 134 illuminates the
dialing keypad 152; and a ringer display 32 provides a _
30 visual indication that the phone is ringing. As will be
hereinafter described in greater detail, volume contrbl
circuit 30 has a non-linear frequency response
characteristic which allows for emphasis of higher-
_ freguency sounds. Finallx,_thq telephone of the present
35 _ embodiment of the invention has several user control
switches, not shown in Figure 1, which allow a user to
select certain modes of operation.of the telephone, such



constructed from nol ded plastic, and is designed to rest within an
appropriately shaped “cradle" formed in the-10 _ base. In a conventional
manner, placing handset 28 in its cradle or renoving handset 28 fromits
Crﬁﬂ:ﬁ actuates a hook-sw tch 60, dlscontan|ng or establishing -%!

co i cation, respectively, betmeen'THb ‘t'el ephone and a central station

of “the o ol SAnsR e RIS St aharthgndni 8 Rk nS] Bemaly U0 £
hook smntcﬁlaaingﬂuﬁnexgemmwt"Qﬁe-tougb? diebiag.BandnﬁcrnmgerThkse;shomn
I n greaterfégtur(?sg%}ﬂi ber%gﬁgﬁ%%a an%’%?ﬁ%fl déta 10%%%5:23 52b, 52c

and 52d, dispose et ween 1 ne Di ode bridge 52
produces a fixed-polarity, - DC signal on an out put I|ne 54 I n addition,

tﬂe soihcg sidgngl'nféora&ﬂ tﬁ&mﬁérbg?ﬂéstéﬁebﬁéﬁetcﬁhgﬁﬁt iar @1@@i®t<1ted 25

rough di ode bri 0 e e o, be received at an jnput
to speech EF&&@%nﬁjr%é#%t%&?i%eg i@ﬁiY—%ﬁ bifren D ﬁ&ysg’@ W s Ipf con-
controlIedheuﬁiﬂ@*uldncémpatihke Ksset£eschanﬂsdtb28wdsnlikewiséﬂFDIine

Terephone. FeRRGRCIEL AARRcEo PSR CPLRRF IS, ARICTR, aBRTERAR It AbdilC

surges appwdthin @n tapprepriately. shipeda”oovadigt ﬁnrmndexgeedgaa
preggterm padd, hr%{“% Cl: é'ﬁéi éi"eﬁgnﬂ_éﬁ n%ﬂﬁciﬂ Bﬁd@it 28 QNG i ne

50b, surge, protector orts t hese two S to preventing the

vol t age suld§s kM rﬁﬁn?@P%@inﬁaB%n€$%Et?%nfEOthﬁEnﬁﬁPglﬁh t he
t el ephone. actr\]iﬂﬁe@\@rr%ocflgﬁs&ﬁeﬁheoﬁ %fﬁégﬁﬁﬁiﬂﬁlﬁqob%bﬁ&aﬁl&@lﬂw\;z f' VFow
- {ipedance FOMBORidas TR FerBErEEvELy | (RELVERH) EReoERIEBHOReo AN S0n and
t he input scentral ctitien bviagehé2lecadlsbogp. protector 56. W
15 : : _
Turning now to Figure 2, a portion of the circuitry
of the telephone of Figure 1 including diode bridge 52,
surge protector 56, hook switch 60, ringer circuit 20,
ringer display 32.and ringer 70 is shown in greater
20 - detail. Diode bridge 52 comprises diodes 52a, 52b, 52c
and 52d, disposed between TIP line 50a and RING line 50b.
Diode bridge 52 produces a fixed-polarity, DC signal on
an output line 54. 1In additioh,'the voice signal
comprising variations in loop current are conducted
25 through diode bridge 52 to line 54, eventualiy to be
received at an input to speech circuit 26.

Surge protection device 56, which may be a silicon-
controlled rectifier or the like, is also coupled between
30 TIP line 50a and RING line 50b. Surge protgcfor 56
prevents components in the telephone-frdm'being exposed -
to potentially destructive high voltage surges appearing
on the local loop. When a voltage which ekceeds-a
_ predetermined threshold occurs between TIP llne 50a and
35 RING line 50b, surge protector 56 shorts these two lines
together, preventing the voltage surge from damaging
delicate electronic cdmponents in the telephone.

e



Bl ectro- nmechani cal hook-switch 60 is actuated when the handset. of the

tel ephone is renoved fromor plated i'nto its cradle. Wien the handset is
resting i.n its 10 cradle, the telephone is said to be "on-hook", and .
hook- sw.tch 60 is open; conversely, when the handset is not inits cradle,
the telephone i s "of f-hook", and hook-swi #8h=60 i s cl osed. Hook-switch 60
contains .nultiple two- osition swi t chi ng nechani snms which are actuated 15
si mul t aneous MPRROVEE; rghe §ﬁ}§§h°neTﬁGtoFaph@q prokeatad FxRA swi t ch

sH\C/)VI L chin g hrre@ﬁéo féﬁsvte d@&r?éﬁi:ﬁldiﬁto%hén éu%ltaua W ndars gw €a 2fusA%2
ok-switc a ions to selectiv QOUp e e e

i nput of a rl%ﬁj l*ffﬁ’ég?%%’eﬂ e VEEY ?R%’n %r}uoég{) stor
ringer circuidr Zhe Tilee AGRoupheat betﬁeagemIlE'Clﬁi‘:el summidacth@ imputsne

50a Vi resjé#gkgﬁﬁggqggggéglggkgﬂa ggggﬁe% tggt S%anentlonal W re-pair

t el ephdne sy -~ Tncomng one ca I's signalled by an
alternating- current (AC) "ringing" signal on TIP I|ne 50a and RING | ine

50b. Wen the t elgphopg, %e&ﬂﬁnﬁf:ﬁieﬂboﬁagwg. N6 1s Wetiftied when

therefore, the AC "ringin I's rece rin |nputs A(}? and

AC2. \Wen t h&hs handsete@ﬁohbeu Selgphongolis, rﬁm@m %ﬁievents
this AC si gnainffd omé eé@i«we i NgRén @h@zhahas@%e

or 112038 cxbire. i, telebRERe: JsasAsAL bo b'e Cia@e‘““%@ tﬁ"&fgﬁ'r'eer
2, coupledinsﬁiubHKBoFIh Eﬁéﬁpdcahveﬁaeuy,ohhﬁmnghb haridset U thotisiho
e e ol LA RS, Tk Eotpuhap 47, vass-MER S ekl e
aspect of thesq:)rmemlosadentnoak-swn.tuht 69 eSntiaiast pulkipks twe-
e : position switching mechanisms which are actuated
15 simultaneously as a single switch. Two of the individual
_hookéswitch switching mechanisms, designated 60a and 60b,
are_shown in Figure 2. Hook-switch 60a functions to
selectively couple RING line 50b to the AC2 input of a
ringer'integréted circuit (Ringer IC) 62 inecluded in
20 ringer circuit 20. The AC1l input to Ringer IC 62 is
- coupled to TIP line 50a via resistor 64 and DC blocking
capacitor 66.

In conventicnal'wire-pair telephone systeﬁs, an

25 incoming telephone call is signalled by an alternating-
current (AC) "ringing"™ signal on TIP line 50a and RING
line 50b. When the télephone of the present embodiment
is "“on-~hook", thérefore, the AC "ringing" signal is
received by ringer'inputs'adi and AC2. When the

30 telephone is “qff-hbok“; however, switch 60a prevents
this ac signal from reaching Ringer IC 62.

-~ ' In one embodiment of the invention, Ringer IC 62 is’
i _a'commercially-@qailable'CSW1A ringer controller or its
35  equivalent. circuitry denoted collectively as 68 in
Figure 2, coupled to the RG, RC, RS and RI inputs of
" Ringer IC 62, functions to set the tonal qualities of the



av@.l abl e energy froman AC ringirg signal into f.omt .5 . Lregdency _
ri-nging tones than into higher- frequency ringfng tones. Thus, for a given
" AC ringing signal, the ringer .

produces a ringing tone nore eaS|Iy aquﬂﬁi;o persons with reduced ;
sensitivity to the higher frequencies of e 10 audi o spectrum-thian

does a Conveﬁ g&glfbt WH%%ﬁif§3 tACr tdf Qﬁ BHeRiﬁégghfee 'S
ringer is en or er persons, r ons mn earing or for
ot her person?“ﬁ&# ﬁgRPGd@@@H yiiﬂn%%PQEﬁ¢ﬂ%héW th enacAepestuals. 15

The ringer 7ﬁhao§reebmar1n%n’uir&i Neivdiptrpred diécts aoteubs tHé and

RO2 into an audi ringin e havi an, enphasis on, 10 requenci es of
ﬁ'ﬁl eﬁ'ﬁé@w A AG FAnalng ig'ﬁﬁ'}y ﬁf?né,ev 20 70

the audio sp@XPF
is preserabl ﬁraqaenugan:dn&imignmm@(mhm :trktao Ihtghen-t-fueequénoya

| ezo-el ectr] ran , ce rg hCi
Brodum ng thgiaé geg'sﬁl'oE i?‘r eduefno?y% &g%‘g%iséi H%e &élgi ‘e'ﬂéo S
coupled to théﬂgﬁnger IC output via a transforner 72, as shomnrp uggs
Fi gure 2. t?ﬁﬂg?,p Sl un%nn{dfw@as\iq&#%éﬁ&f&t% Saksshs 7¢1ER T nger

| oudness contrQ Q allows ser to sel ect” one of three different
settings forrefluced gensdtivity: ta the IreuuRRe iee ofitbhe |ine

desi gr@it ed REdALS ggé&lteﬂhni &hate ddwta T&Wéﬂi&ial'f‘ﬂﬁéaﬂm uzqg 80
sel ector 74 via

apaci t 76 resisto
position, coFPEY¥ ndFﬁ§°FBgFﬁ§%hll &9? éiﬁﬂ??é%i%rﬁﬁngﬁftgﬁ ?HLEBﬁﬁFes
its input di feetbldes peasshsnnibrY&ensbnssuixhuhéarimgoaidsprozsﬁondlng

{ranst or mer - S5HPR, BEERORE HRYARRMe e AN S EUTREIEES o e

t he transforﬁsequenpye§0§m95al resulting in a ringing tone which is sofnsy
rel atijge to
The ringer 70 converts an AC ringing signal on

Ringer Ic_outputs RO1 and RO2 into an audible ringing
tone having an emphasis on 1ower,fre§uencies'of the audio
spectrum, as previously described. 'Accordingly, ringer

20 70 is preferably a standard 8-ohm speaker or_the like
rather than a piezo-electric receiﬁer transduce:, since a
speaker is more efficient in producing the desired lower-
frequency tones and resonances. Ringer 70 is coupled to
the ringer IC output via a transformer 72, as shown in

25 Figure 2. A three-position ringer volume selector switch
74 in ringer loudness control circuit 30 allows a user to
select one of three diffe:ént.éettings for the loudness o
of the ringer tone. A Ringer IC output line designated
ROl1 is coupled to the input terminal of ringer volume

30 selector 74 via DC blocking capacitor 76 and resistor 78.

' In a first position, corresponding to the highest volume

setting, switch 74 couples its input directly to
transformer 72; in a second position, corresponding to a
lower volume setting, the input of switch 74 is coupled

35 to transformer 72 through an additional resistor 80 which
serves to attenuate the tranSformerfcoupled signal,
resulting in a ringing tone which is softer relative to



errr"13- t hat of - the hlgher volune ‘setting. Finatlys in a thlrd,p05|t|on-
correspondlng to an "of f" setting, switch 74 bypasses transformer 72

al't oget her,, coupling the ROL terminal of Ringer IC 62 to the RO2 ternina
via resistor 5 82, thus preventing a tornes f« om bei ng generated by
ringer 70. In accordance with another feature of the present invention, the

telfpgone feth?thitgotetaelhighnmpwmduméfséﬁtin .a Flﬂ&il¥ﬂ|3ﬂ|GYtﬁard .
including lig _ icatjon tha one is
ringing. |Indi cé?gitgggh? gr s&ﬁ&%‘:&a%@ rﬂ'%g ég# %t ganggigpﬁ Rg li ke.
During each po§b¥passesltagasﬁarheaydmea&tqgethznn1ugugmihglngen5015|gna

current s conigainkl BOORIHGRK 10 ca +ooWilg S ualhtray Ohaedelecid

resistors 92 a tade drop across

resi stor® 92 arR p4thuRcprevNen nsage tone &uambeing.generstedoby| nipges
and 86 negativeygith respect to the termnals 84b and 86b, thus activating
I ndi cator lights 84 and 86. 20 During each negative half-cycle of the

AC "ringing" signal on RING |ine 50b, charge stored on capacitor 96 during

the pOSI}Ive Palf cy:hegzeoeaaﬁuet Gr&th{:ca@w}iht rfh@hatﬁﬂrerfslﬁherprageﬁed 94
o neon |la es i na a,and, 86a, . makin e volta ese, nodes

posi tive \Mrth en{:iggpegﬁ ﬁ&g@?n§4ﬁ%§nd’f$éﬁi %g?l hi€ eayirPed Wikh

| anps ald® act|vmieﬁnqentdmspmayysaudnugudinQSIﬁghtprqﬂ andnéé . wHichi ggveow
to Figure 3, a. C r on e
o oult 54 and T EEEAL P4 flntdasiuRl chiE dRe phdi'Fe ERNGRYO" £Ad1806R0
fixed-polarity kkﬂ tes 84 Gndd86darBrPH95853ﬁl¥(nﬁﬂnuiimpﬁhcbuﬁherbsketor
98 and is recei ﬁ? éQéhpﬁééﬁtXGet%BEE%%b %EI%ﬂﬁyéié”oéogh fh?@ﬂfﬁ?tﬁb

100 may be prov tore ectr

enebgy - suppl |%%F\%i\n91'|35119né150§\1§ﬁ'6ﬂﬂ| 48 Iqandugied ($hreugh dipaker gy
bei ng uasd to wwht¥haecba ) §¢684a8PE8! afld 90, and resistors 92 and 94.

The voltage drop across diodes 88 and 90, and resistors
92 and 94 makes the voltage at terminals 84a and 86a of
lamps 84 and 86 negative with respect to the terminals
84b and 86b, thus activating indicator lights 84 and 86.
20 During each negative half-~cycle of the AC "ringing"
signal on RING line sob, charge stored on capacitor 96
during the positive half-cycle is conducted through diode
90, resistors 92 and 94 to neon lamp terminals 84a and
' 86a, making the voltage at these nodes positive with

25 = respect to nodes 84b and 86b. In this way, the neon
; lamps are activated continuously during an AC "ringing®
e signal.

Turning now to Figure 3, a schematic diagram of the

30 power regulation and storage circuit 24 and keypad light
unit 134 of Figure 1 is shown. The fixed-polarity output
54 of diode bridge 52 is conducted through resistor 98
and is received at the positive terminal of capacitor
100. A capac:.tor 100 may be provided to |

35 : : store electrical energy
supplied on TIP line 50a and RING line 50b, the stored
energy being used to supply a limited amount of



- 14- operational power .to the tel ephone during "on-hook" periods. In —
particul ar, capacitor 100 supplies operational’ power to the dialing
circuitry, as shall be hereinafter described, so that volatile nmenory
facidAjties 5 therein can retain their contents when the phone is;%on-
hook”! Referring briefly to Figure 27 wher the tel ephone handset if tlaken

"of f-hook", hook-switch 60b is closed, 10 3rov1d|n t he flxed polarity
out put of opexat ?PﬁbepgﬁeﬁntplﬁEeSSeieRHQHQN éthP%k line 55 is

al so couplperiodshe pnspartecueam,nehpabimu&amaoars\ﬂmiasa resistor 102

T10- vo 1 5. O REEERAL ‘PRVERL PO, EhE lading POAR A, (4F SRalf bEP ' O
blpolar[MharezmaftenrdeSEhébedLIsOt&hamemulaﬁtieﬁmenaw$iﬁaoititﬂesand 110
are gonbi %P&H%j&nlﬂ-gtaiﬂd &Q E?It@ Rilen \(}bfé "SHiGhe t S" g and 110

are conbl via resistors respecti at node . Thus,
when hook-h@®k". switch 60b is closed "the fixed polarity DC S|gnal on
line 55 activates transistors 108 and 110, providing current to be

soner oo SRR kA ER Rtk . T Wl b1 B, oo, 2
vm t h the iendeét i bfebakan Moffhhopkdyi hiook-afwiticlerdob gisl cdlesedy keypafl
o 49 g’ KBRS “h@°ELkba Bt BIIRD BEGAY Ue WhodlLRIGE BYEY: 17
keypad i n kinel$phonReturningr tenFiguireh &,hdime%tlsrmMncmlphaé be up
to four tidBSeRs é@%?ﬁi@é' E&fﬁ@néi”%&‘ed %hon%oge%dmkﬁ PERiSELAL ed by

one of ordinary s rt of tele consi stent and
hi ghly ef {1Q2 cfmd diode 104. Zener diode 106 limits the voltage on

line 55 t6 less that 110-volts. Line 55 is further O

15 coupled to the emitter terminals of bipolar pnp
transistors. The collector terminals of trarisistors 108
and 110 are combined at node 112, and the base terminals
of transistors 108 and 110 are combined, via resistors
114 and-;16,1respectively, at node 118. Thus, when hook-

20 switch 60b is closed, the fixed polarity DC signal on
line 55 activates transistors 108 and 110, préviding
current to be generated at nodes 112 and 118. - Zener
diode limits the voltage at node 112 to less than 15-
volts. '

25
Another feature of a telephone in accordance with

the present invention is the provision of an enlarged
dialing keypad which is illuminated facilitate reading
and dialing. Whereas conventional dialing keypads may

30 measure four square inches in area, the dialing keypad in
a telephone in accordance with the present embodiment may
be up to four times as large (sixteen square inches). BAs
may be appreciated by one of ordinary skill in the art of

_ telephone design, a consistent and hlghly eff1c1ent

35 illumination c1rcuit is necessary to suff1c1ently
illuminate such an enlarged keypad in a line-powered
telephone. One such circuit, including capacitors 124



35 iI'lum nation circuit is necessary to sufficiently illunm nate such an
enl arged keypad in a |ine-powerel tel’ephone. -One such circuit, including
capacitors 124 and 126, diodes 128, 130 and 132, and bipolar pnp
'transiafiu 122, is illustrated=in Flgure 3.  Node 112.in Figure 3 is

coupl e othe emtter tern1na| transi stod5122. The enmitter and base
termnals of transistor are' connected via the paralle

conbi nati on AN t€i9d52413§d 130 and a3, zﬁ‘%}”e aEPBR conbi nation
of diodes 12&rdméieterl2iz, Ike MQuATAEPARFRfErd ®se Noade11oligs the.

bel ow the voligEe o 18" BBupied 3 Hne dmi¥ %ﬁa% L tnelaken |
bel ow t he vol t t ur ni ng
transi stor 1222n drkesenptiergand base ftexminals of cexamsistornak2 This
currentgis ¢ g oy ray 43

I ncl udtg’s hi g(hy}:gjéj %&%ﬂ%ﬁgéhLE& %?fab#%j%eql%é ﬁé‘id‘,é é%?%ggt%g’ b
current frcnnlztuﬁn@tb2612§slUeddnaﬁt&UUGM@Iﬁariﬁﬁxcqu&métignoﬁf 142,

144, 146, amh resgecizyehna 1598 L Qﬁﬁéb”@éf g tRdseneath
t he transl uce d%tons o? *é ler keyp 152 not S o |n°F| gure 3. Wen

t he handset |‘¥i~9‘%ﬂ<%nh°6¢9 ﬁBGk""’lEEB? g1 the base i‘:’:ﬂfé“ D&y 9§ 134d are
activated, ilgransbétos 1ha dpph:w%amcir hﬁ&%].fttsﬂb’énéw the vodthage t he

keve 13,2 orene | gafle SLoRtsnieions WAL A LA WRlgp, 122 et

capacitor 10Gpansisbde 129, onhamh.@uptiyﬁhg cunrénﬁﬁtnomnétgy stored on

Froure 4 o SHTETEn Petuifad- " insd it d idihdvieed 50 THaRET 0

in greater B@mlttxmadiodel\/llwbr)f aghiralye 2 3di ,r c«hitcmztmsluMehi;ghed in the

:‘g\r/ en?:‘ oﬁ Sp‘“ézﬁ £} %ﬁggﬁgga;is@,e%w,cLiat4c1,5%nd_'ib.ﬂi‘.e egbpbpeBE of the

15 current from transistor 122 is conducted to the LEDs via

resistors 142, 144, 146, and 148, respectively. The LEDs
are disposed near or underneath the translucent buttons
of a dialer keypad 152, not shown in Figure 3. When the
handset is taken "off-hook", LEDs 134a, 134b, 134c, and

20 134d are activated, illuminating the dialer keypad 152
sufficiently for viewing the keys in a darkened room.:
Excess current supplied from transistor 122 that is not
used by the LED array 134 is provided to the positive
terminal of capacitor 100 via diode 149, which diode

25 prevents energy stored on capacitor 100 from being
discharged through LED array 134.

D

Turning now to Figure 4, dialer circuit 22 and
dialer keypad 152 from Figure 1 are shown in greater-
30 detail. Much of dialer circuit 22 is implemented in the
- form of a special-purpose integrated circuit 150. In one
" embodiment of the invention, Dialer IC 150 is a
commercially-available device, such as a BU8322 20-Number
Tone/Pulse Repertory Dialer mahufaq;ured_and sold by Rohm
35 Corporation of Irvine, California. In accordance with a
primary object of the present invention, dialer keypad
152 includes u§ to thirty-five buttons, each of an

-



commerci al |l y-avai |l abl e devi ce,—such as a BU8322 20- Nunber Tone/ Pul se
Repertory Dial er manufactured -and sold by Rohm 35 ° Cor por ati on of

Irvine, California. In accordance with a primary object of the present
inveniion, di al er keypad 152 includes up to thirty-five buttons, eachgof an
-16k_éenl arged size so as to be nore ®adbly used by the elderly or by™
persons wth.inpaired notor skills. In particular, the buttons_in keypad
152 have eiHiarged fizei 6Rsas: tosbeporereasidihpnsed by theielderlye

key loadt ar gy ﬁsa\@@lésené withs ﬂhﬁh&.ﬂbﬂa?bé&e&f wiausx\i g% |pﬁ1|e:ﬁcﬁilé\£
conventio ads, as previ ot e a as. al pha meric

but t ons 83‘ h?%'g ‘PPsQ"‘ m’aﬁdi% p‘ Mﬁ"é@ %Rj‘ 8% {j#ons for
dialing smﬂHﬁmtmmrbyrEOahﬁ.linﬂethsag&hamad \am;a,y tltavetn@oae t ouch
10 . Yo a® '¥§¥EE il ing

but tsons " %ﬁ%ﬁ%ﬁiﬂgxéa Vgi'ggl}t t%gne | g:‘ilxatrngrbo %/?1 a Braille-type
rai sed dotkeypads, c%%tBIeYGOUSAYSP%GﬂJ-suMQQE)rﬂé} d¥®sersons in using

keypad 15%)pkpanumerie b&ghﬁg gl eRrbfghl WRR Opanatippalgpovgs at its Vvdd
I nput frOm]ll ne 154 Referri nggrmmsntarl l'y ta 'Fi gure 3, line 154 receives

current f Rk} RS oIRBLENGIB" 1 butkens, 0T digling) ssENeNRe MRMOEY r esi st or
156 and di:ﬁ&hﬂ:ﬁ&n@nﬂthﬁagétjl t-leepabltiveaygl ehriee Muneasouciye termnal 20

apaci aVda resistol 1§ "I ne eqgives "of f-hook."
r supé)‘rae]ég #‘éﬁé?gforﬁl’lo Q“ndaf1 el "ﬁdﬁtﬁfb G“ ?@F from
capa0| t or i@ ingt bhttomay!'umf'althron@hlﬂunw.pr d\hmlétﬁ'!mhﬁtmn 1s
uni nterru%%r rge d _{(}?g an-
hook™ ' Jﬁ&% W§€§ %u?ﬁ%ﬁ'gi% ltﬁgur%é %‘L zenerg(}Le d%%hf s the
vol t age- oressirt 1‘Bﬁsﬁél&¥pivpﬁgﬁﬁél pexrsons tin using keypad al%ft-‘)- coupled to
the ON-HOOK input of 30 . Dialer IC 150. A high-level signal at the o
ON- HOOX i nput . : _ Y .
15 Dialer IC 150 receives operational-power at its Vdd
input from line 154. Refei;'ring momentarily to Figure 3,
line 154 receives current from the output node 112 of
transistor 110 via the path of resistor 156 and diode
158, and is additionally coupled to the positive terminal
20 of capacitor 100?_; via resistor 160. Thus, line 154
receives "off-hook" power supplied by transistor 110, and
receives "on-hook" power from capacitor 100. In this
way, Dialer IC 150 is provided with an uninterrupted
power source, regardless of whether the _.ham_i_set is "on-

25 hook" or "off-hoék" - Returning to Figur‘e' 4 . zener diode
162 limits the voltage on line 154 to approx:.mately 4~ \J
volts. '

Line 154 is also coupled to the ON-ﬁOOK input of -

30 Dialer IC 150. A high-level signal at the ON-HOOK input
indicates to Dialer IC 150 that the telephone handset is
“on-hook", while a low-level signal at the ON-HOOK input
indicates that the handset is "off-hock". ~The ON-HOOK
_ input of IC 150 is also selectlvely coupled to ground,
35 via one of the multlple hook-switch switching mechanisms,

60c; in addition, capacitor 164 is coupled between line

154 and the Vss input of IC 150. When'the telephone is

e



indicates to Dialer IC 150 that the tel ephone handset is "on-hook", while a
| ow- | evel signal at the ON-HOXK i'nput’ - indicates that the handset is

"of f - hook" -The ON-HOK input of IC 150 is also selectively coupled to
ground, via one of the nultlple hook-swi tch sw t chi ng nechani sns,
60c; % addition, capacitor 164 is coup+eﬂ7betmeen line 154 and the Vss

i nput of 1C 150. Wen the tel.ephone is . -17- "on-hook", switch 60c is

open, isol at "AG-heoki. HEEFHRAC ois | epeng iseAasingh Fhe ON~HAOK upp| i ed
fromline 154nphtl & TAPESH t Fom EgrodRa Pt suPreatastippliled’ Hron gﬂ’éﬁe at the

ON-HOOK I n ut to LC 150, and thus e .hands IS

o ook &4, FhARERR FRAEIERE 160, RARDERLNLEO: & ARSIV ( ch 60c
i's closed, csdghax;aﬁutﬁi+0K§ROGMpﬂnpub Yooned1sod dn@bkhu;rm)capa0|tor
164. This cr Jpu ate
that the |10 iiﬂ%agc&ra"'éliafo I?ég'gﬁdgég\sfghc% :'ggrtg Md%ﬁ >
osci | | at or 1bami,t mﬁmdﬂmmm‘tti;ss"QBi-hnOk184sblﬂ-&03b|ﬁﬂQaciS o the OSC

QUT and OSC - t $Ck |g%3hnh5 180 provides
a reference equerfcy l}%%{%%qf%é(k%% l‘*-6&%%% at'i ng tandarg é’ual -tone

mul ti f requené‘y’lsﬂbﬂm ng FIPACIERR 164 al 'Eh scoreatescd Jo¥-leyaks from

di al er keypagitmd1?@t th@tou-rm@xtﬁ&ﬁaﬁahﬁlbabshaeéaﬁést Rhatghen® and Cl
t hrough C7. ng E %;ﬂéb tons in keypad 152 is identified by a unique

combi &8t i on gﬁﬁnals received at inputs Rl through R5 and
Cl through C7. D aler keypad 152 is preferably a natrlx type tel ephone

i routting a row A M (5 Fledes i ecf S eE81cpRind ekl et M, [
(A through ﬁﬁdmmw@aﬂtmm&zyaM|mBAgahet koupi.edn &ios they0Sthen a
val id key i ngip ighd 0Sc IN terminals of IC 150. Crystal oscillator
15 180 provides a reference frequency used by IC 150 in
generating standard dual-tone multifrequency (DTMF)
dialing tones.

_ Dialer IC 150 receives inputs from dialer keypad 152
20 at input terminals labelled Rl through RS and €1 through
C7. Each of the buttons in keypad 152 is identified by a
unique combination of row and column signals received at
inputs R1 throuqh RS and €1 through €7. Dialer keypad
152 is preferably a matrix-type telephone keypad which
25 produces valid key inputs to Dialer IC 150 by short-
circuiting a row terminal (R1 through R5) of IC 150 with
a column terminal (C1 through €7), or by simultaneously
driving both terminals low. When a valid key input is
produced, IC 150 responds by performing the indicated
30 function.
In the case of numeric inputs, IC 150 either
génerates the cérresponding dialing tone on its DTMF OUT
__ output terminal, or genera;és the corresponding dialing
35 pulse sequence on its'PULSE OUT output terminal. Other
sequences of keypad inputs involving the memory storage
and recall keys (M1 -~ M10, X, Y, Z, R, and M) allow the

-



produced, |1 C 150 responds by performng the indicated 30 function. In.
the case of nuneric inputs, I1C 150 either genérates the corresponding
dialing tone on its DIMF OQUT output_term nal, or generates the .
cor r»eepondl ng dialing 35 pul se seq# nce on its PULSE OUT out put «
terkidal . Other sequences of keypad™i guts i nvol vi ng the nenory stofage

" the: ai JEF¥ ko Chend, eREiraPaiaL RG] spiushesl B siE MO RE NG
execut e t heemory n azldtmBﬁcablpthésenseguehsesefr@mmdmcandms Di al er
I C 150 al %kég«;%’& néﬁelg ha&&itggﬁeifo Perfoi:ﬂﬁ‘ﬁ ithhe Gkl 14

generating a I 1'second square-wave ne-on_its audi o tone (AT)
out put t erfn@kions; snéﬁi-ﬁﬁt:[gl 488 a#ﬁ? Eespopds; fpeRrhicvakid k¥ with a

"conf i dencinpwreit ﬁeéeiwel ByC aﬁei-at eacbz\sahlzq ls~m i saddig an
audi ble tone on the re

'E Rg‘ t _of L&}]‘?SO dﬁéef-.m nes
whet her | GGV RY St gnﬁﬁ?ﬁ! H 2 ?‘Hﬂ PoF 85‘301‘ hy pul ses
in order t'mismou‘apntoslgnahgmayl behusedcbl proviide tthe sispmlwititeaved at

t he MODE | vel, I C. rates in
pul se-di al'%%ﬂ%%eﬁgé&\éﬁét T n8°81%?9§69 ngg‘k"%\é'ﬁg} a%&é%%ﬁ ]géuf put pin.
Conver sel wnmﬂbmuhb cngnuﬂihlet tenepa thei rpeeiver.a | ow | evel, | C 150
gengy ates operates in tone-dialing node, generating DIM- tones on this DITMr

QUT out put 20 termnal. A user-actuated rode-sel ect svm tch, denoted as

186a in Fi gure ThecMADELEN| inputoefi k€ ABPEdekermines whether IF | ovs a

user to Sei!ﬁ@t éhéb&teéomﬁlaiamﬂngrtQHEEeoi}l %bh%ntldhﬂ fdistimgsi tion,

swi tch 186a Ies lipge 1{? {: are5| rs 188 and

190. 25 h%’@h"?@%’él g éna 1?F8nPPFﬂ81§§4 42150 t hat

t he user Wﬂsen;ethetsﬁgn_ak patetvddahtnyheoMoODE m_l!erinput_ _termmal o
15 has a high level, IC 150 operates in pulse-dialing mode,

generating dialing pulses on its PULSE OUT output pin.
conversely, when the signal at the MODE IN input has a
low level, IC 150 generates operates in tone-dialing
mode, generating DTMF tones on this DTMF OUT output
20 terminal. A user-actuated mode—seiect,switch,_denoted as
186a in Figu:e_4 sets the level of the MODE IN input, and
thus allows a user to select either tone-dialing or
pulse~dialing. In,a;first position, switch 186a couples
line 154 to the MODE IN input, via resistors 188 and 190.
25 The high-level siQnal from line 154 indicates to IC 150
that the user has selected the pulse-dlallng mode. When -
switch 186a is in a second position, however, the MODE IN. -’
input of IC 150 is coupled to ground, via resistor 190.
This keeps the MODE IN input to 150 at a low level,
30 indicating the selection of tone-dialing mode.
A MUTE output terminal of IC 150 is used to prevent
- loud dialing signals (either tone or pulse dialing) from
being ampllfled by the receiver in ‘the dlallng phone.
35 The MUTE output has a low level whenever Ic 150 is
issuing dialing 51gnals, and is in a hlgh-lmpedance state
otherwise. Likewise,'a DP MUTE oﬁtput terminal of IC 150



switch 186a is in a second position, however, the MODE IN input of |IC 150
is coupled to ground, via resistior 190. This keeps the MODE.IN i nput to 150
at a low level, 30 indicating the selection of tone-dialing node. A
MUTE ou%h?ut termnal of 1C 150 is used to prevent - loud diali ng signals
(eithek_tone or pul se di‘aling) from'be’r%g anplified by the receiver in the

Csoui ng GFRR Be dspd AR arrentind SalBrafai g, Phleak Fitfhefng | °

Li kew se, amﬂ]iﬂ‘sﬂéﬂzh;uttma receiver. .ofDi&11ih§ pulseis9anmn be -used in

ol ing popivehtidtd it Mandaeed by S dHeleRyry SRl Aidle oL

cl osi ng (‘chosing (making'and" ’?bltmim'é) tbgplo@albyloyp. ORI wi se
causi ng Shedieriflded Cadd Aty Hdep Wof@é#é%fﬁnéﬂ@n’t@oﬁr %iﬁlkég an Ng pul ses

may be of such a magnltude as o asant to_hear on'the receiver. The

DP MUTE olB®uttoQRynalSUshy daiﬂm%m eY¥%r bguPEcSUCh |%d“a§§hic@ﬂ%s are
bei ng Issenad,toarué Ixﬁzpleésam'afta e e the rec&ierbe.ot Imravnme MUBbEth both

the MJUTE an ut.put signals avai-l.abl e e usi ng the BUB322
Dial er chPy-PHF ﬁﬁmo‘lo I&‘foﬁ% et %%nﬁgﬁrdpﬁb’ ’&%l ver while
pr eventi ngetmdnaa_s raﬁsebain@msmm@, desolnpaeh&gh-hmﬂedanme and puI se

%ngezg rom e‘%’%"me' | i ne aﬁ&l&gﬁgnﬁﬁt gﬁgl gur e @%4 i s

recel ved siomads @vaikabls, & delephoneusing tbet BUB322 Dlalmrtch 186b.

Sui tch 186Riks il aXiow chin) bitr PEShes Ofo Sib! ABarACvEEH@de swi tch
186a previously descrl bed w reference,to Fi gure 4. In%éendent swi t chi ng

mechani sn¥eesdyes ¥hige Eﬁ%"%@iﬁﬂé@ﬂ%l-ﬁ%ﬂtﬁ“ 888 $TOP fARMer as i f they
were a si hgladdsWidit lhreferi 6t Ntone and pulse dialing sequences

15 from being heard.

The DP MUTE output signal is conducted from IC 150
via line 194. Returning tb Figure 3, line 194 is
received at one terminal of user-actuated mode control

20 switch 186b. Switch 186b is part of a dual two-position
switch including mode switch 186a previously described
with reference to Figure 4. Independent switching
mechanisms 186a and 186b are actuated simultaneously by
the user as if they were a single switch. As shown in

25 Figure 3, when the dialiﬂg pulse mode has been selected,

switch 186Db conples line 194 to line 196. The emitter
terminal 198a of pnp transistor 198 is coupled to node

112 and receives power from line 55 when the phone is

- "off-hook”; the collector terminal 198b of transistor 198
30 is coupled to ground via zener diode 200, which serves to
- limit the voltage at the collector terminal 198b to less
than 3-Volts or so. The base terminal is coupled, via
resistor 204, to line 196. Line 194 is also coupled, via -
resistor 202, to node 112.

35 T

When the phone is "on-hook", no current is provided
on line 55, and consequently, no current is produced at



25 . Figure 3, when the.dialing pul se node has been selected, switch 186h. -
couples line 194 to line 196. The emtter- term nal-198a of pnp transistor -
198 is coupled to node 112 and receives power fromline 55 when t he phone
,quf hook"; the collector terminal 198b of transistor 198 30 IS

coug,ed to ground via zener diode 200~ which serves to lint the volt ge at
the collector term nal ,198b to 1ess than 3-Volts _or The base term na

i's coupPds, 132a r??PEF&FtQG419@o¥§|ﬂ??uﬂ9t¥Y¢E9494si§°8l§8'coupled, vi a
resi sg gggaazl J.kOpﬂgﬁéntlat s\ \etii titer Mivde 198a0Nn- Thekbp HUTEUq rrent 21)8
provi ded, on. | i pe cQnseq no curren roduced at - 20-
Do (6deBhy] bRCrEryo8] 45" I8 I imhndd Bhats BRRTHEHORL oo or’%
its enhookP peﬂ&oﬁ98a Whéne the uMEﬁennqnnakénl!biﬁﬁhoek?n polverh- i npedance

tat " " of f - hook"
% =e ggréﬁg 9@8 ?98& nagg'§§§ urni n&?tranggg?éérlgggnonQVVthogmntcﬁomer
186b mithesvrptpbelsﬁbsm She "mlmh pogition; reurrantpemdtedni nal 198c

of traffbﬁtEﬁelﬁﬁsbst@QﬁQHﬁh@QQU@“Bﬁﬁtféﬁéfﬁﬁﬁﬁ f@é iQd 202, providing an
addi ti onal. contributi on of power to-node 1112. . ensures

actlva??BﬂuGFeﬂe§B§8uEEDre§ﬂF§Frf3304liﬂqrﬁf%nn8§°H§QFPﬁg?nhomever t he DP
MJUTE t gaditabnal tontribution of povdr b Indde 1982| owrhiblode 112 is thus

18hce eneitaparrig vaksoh, o XeRpad it amdl 13407 Bhing Byhne' "1
hlgﬁ Pdpemang: hngU¢ran&hBEDPaMUQE:thrmunhlreﬂsIthBOleégare tuﬁgehtgn
Tog' <187 puiddfly ¥4R8 20y’ A ORddy 1114 e LARE" pARERE! Ry, | 1 A0S SO

198 is e fe I SO e 'MUTE is in a

hi gh- |hﬁ@déﬁEéYsiéﬂe1ﬁhéﬁé@&ﬂ“ﬂ@?ﬂnﬂ&ﬂﬁuﬁﬁ?ﬁ%i$ﬁ°¥0%83diﬁl|ng mode, |ine

194 turned off. oOnce pulse dialing is over, the DP MUTE "
15 terminal returns to'its high-impedance state, and LED

array 134 and transistor 198 are turned on.

On the other hand, when switch 186b is in the "tone"
position, transistor 198 is effectively isolated from the
20 circuit. sSince DP MUTE is. in a high-impedance state
whenever the telephone is in tone dialing mode, line 194
has no effect on the level of node 112; LED array 134-
remains lighted during tone dialing.

‘25 The base terminal of transistor 166 is coupled to
'the PULSE OUT output terminal of IC 150. During the s
"make" portions of each pulse dialing sequence, when the At
PULSE OUT signal is at-a high level, transistor 166 is
turned on, its emitter current being suppliéd from line
30 170, which provides of £-hook power from node 118 (see
Figure 3) via resistor 168. The emitter terminal of _
transistor 166 is coupled to the 20P/10P input of IC 150.
When the 20P/10P input is high, IC 150 generates dialing
~ pulses at a rate of 20 pulses per second; when low, IC
35 150 generates 10 dialing pulses per second.
Terminals F1 and F2 of IC 150 are prov1ded to allow
for phase compensation capacitors 210 and 212 to be



has no effect on the level of node 112; LED array 134 remmins |ighted
during tone dialing. 25 ' "‘The base terminal of transistor 166 is
coupled_jo the PULSE OQUT output termnal of I1C 150. During the "make"

porti of f each pul se dialing sequence, when the PULSE OUT signal is at a
hi gh IEJ_ , transistor 166 is turned one R&s=emtter current being supplied
fromline 30 170, which provides off-hook power from node 118 (see

Figure 3) vi dntandneed 1isto PEMErcutput: cimowit of ‘Additienal 166 is

coupl ed to t g 3R dﬂhwéo eﬁgaéﬁan WWW/M wnbﬁtg;&téla IC
150 generates dialing pul ses a rat pulses x%sec d;” when ow

| C 35 153G dh% & Paxforned nBYpﬁ FRELPEOrS 234 F

of 1C 150 ar emta cmsieéhd Q:ﬂ)i@i\téﬁé nme§ezemwtzm Cmt@iﬁcﬁiﬁrﬁnd
212 to_be i.nt ed into DIMF O %g %P.IFCUIt qul éllterlng
and cofpensadori TR chreéfiataanee, BIER s mafiiractiner 7 ats -
circuitry i nchedthfomrstle BB8222 devid2éd wmmﬁﬁalmmtmmemﬂnzzz

Thi s circui tr &ffffé&z éncl.ﬂg dméﬂufggeﬁgggq% \ﬁaﬁtﬁfeé@ c%ﬁéer s data

sheet for thé vice, 'S 1 ncorporat erein by reference.
The manuf act BU&322 @ksp sm@ludes dﬁtaBlLGSQZ &heo memsmyietialingi s of the

menory diali %to%&ﬁ@tié‘dié‘ﬁ | N8na2Bile PHRNEY (M dnditod ) 'didl fhyng 10
capabilities of this deV|ce ese fg&ctlons are gerforned usi ng the

speci &P fgncﬁﬂﬂ?@&%&?%ﬁs g sgevige. spdhes & AL as emer gency
dialing, in yerdort assing- méyspeeiaml Quh%!',lbnxke sY"on€ ' a D52 keypad
152 initiate ac%.eaeﬁfla% gﬁnce make t %ﬁl i
particularly t P EES? FUGROAE BPEFHE“5Wé ' '#qﬁﬁﬂﬁ?tﬁp'?%
convent i onal depreE=iYey- rmuzgnrd(ss;.ngle keye (MX®g| "y¥gp oxt I'tZM) somrleeypad for
the&gonnECt'T%f“?ﬁ%%ﬁhébs a complete dialing sequence, make the

15 - BU8322 particularly well-suited to the telephone of the

present invention. -

In conventional telephone networks, two-wire local
loop circuits are used for the connection between a
20 telephone and a central switching station, since such
circuits are cheaper and easier to establish. Four-wire
circuits having two wires for transmitter signals and two
wires for receiver signals are used in most other
portions of a telephone network. 1In a telephone,
25 separation or decoupling of the transmit and receive
g{, circuits is necessary so that separate transmit and
receive amplifiers can be employed. Various
manufacturers market integrated circuits which perform
these speech circuit interfacing and decoupling '
30 functions. In one embodiment of the present invention, a
BA6566 Integrated Speech Circuit manufactured by Rohm
Corporation of Irvine, California is used. A block
‘diagram shéwing the main functional elements of a ‘BA6566
IC is shown in Figure 5. IC 230 is a standard, 18-pin
35 dual in-line parallel (DIP) chip, the input/output pins
~ designated as P1 through P18 in Figure 5.



20 . t el ephone and a central switching station, since such circuits are
cheaper and easier to establish. Four-wire circuits having two wires for
transmtter signals and two wires for receiver signals are used in nost

ot h portions of a tel ephone network. In a tel ephone, 25 separ a,u'on or
dec‘éa)l ing of the transmt and receiveZircuits is necessary so that.
separate transmt and receive anplifiers can be enpl oyed. Vari ous

manuf act urers Rank &2 Pﬁ%@&%cﬂ mem@slwebhcsemst hEST Ffeech circuit
i nterfaci pgolangdogativiel viltdye su ;Z;‘%tfeﬂsxc hsoome peeedaemant of the
a

resent i ent| n 6566 | r eec ufa ured by Rohm
ICC)Jorpora'tl F’rmﬁéﬁﬂ %ﬂrﬁ% bgﬁ Bﬂtg g\ﬁ ng t%e mai n
functi onah.nphtrrstlgmaaf on RAGES 6l ik | compoises ntﬁegmneoﬁinngbi@:e s a .

t apdar d, n t / out put
oi e des: §4dnaY sierimiia hed ¥ HOTRbusy SRRy Yolsaly, bR U P
gr ound- | epvbvddﬂﬂem &e f&ﬁﬁ |fremotheolocaleloopt ggupriging IIP | C 230 is
provi ded §3hgug0al Bnd iFifvey A40B6NL) A Anfaauiséaanabs%iv‘éh%owwt si gnal

n this |I1nRe co rises e incom su erlrrposed upon a

DC power SHBPLY saart@ygfe 1%&49&%30@0@0@@ b.L) PPGHPFh&eméaah
Cormrl Si nath:E bem i@ﬁsar& ﬁ@ﬁagebéoasedﬁtéegﬁb&ma aoeegu\leﬁw»er

|y out [ | from the .Vcc out ter l,_P{,of 1C 230; this
fgut ek U@ u& é‘%pﬁé’ ﬁgﬁﬂ %t%ﬁrgﬁgt még(g %rﬂﬁly signal to
ot her .ci r tellephoniet.hi Nd]ltagel:segmlwtor \biragktrygdesugnatedcast ry
desi gnat e S:23 [ t: t the |ine
vol t age 023 err?ﬁ r#ag'aﬁ? %errs l&éé yﬁ%#%%é%%%ﬁ?ﬁé#tggg ggég‘o%g‘e@m gnated as
P6 receivadinegnvaltags ion Gkexminml rB4. (AGO) input signal. The | ogical
level of the AGC input signal determ nes whether o

15 An ACG terminal of IC 230 designated as P6 receives
- an automatic gain control (AGC) input signal. The
logical level of the AGC input signal determines whether
or not the AGC feature of IC 230 is enabled.

20 Termlnals Pl through P6 are received in the
funictional block designated as the Loop Current .
Sensor/Power Dissipation Element 232. Wnen.AGe is .
activated, as indicated_by coupling AGC input P6 to
ground, Loop Current Sensor 232 automatiéally adjusts the

25 gain of two AGC ampllfler stages designated as 234 and
236 in Figure 5. Element 232 also performs the impedance
matching between the local loop and the teleghpne_
circuits, using external balancing impedances eéupled to
.the RL and CL terminals P2 and P3 of IC 230.

30
Audio~frequency tones, such as the "confidence
tones" generated from the AT output of dialer 130, are
‘received at the_AT;input terminal P10 of'ICf2301 Audio
~ tones are amplified in AT amplifier 238. DTMF dialing
35 . tones from IC 130 are received@ on the MF input terminal
P14 of IC 230, and are then amplified;by MF amplifier
240. As will be hereinafter shown in greater detail, a

.



or not the AGC feature of I C 230 is enabled. 20 . Termnal s P1
through P6 are received in the functional block designated as the Loop
Current Sensor/Power Dissipation Elenment 232. Wen AGC is activated, as

i ndi cat eg /by coupling AGC input P6 to ground, Loop Current Sensor 232
automatj-¢al ly adjusts the 25 gain o& pwo-ACGC anplifier stages
designated as 234 and.236 in Figure 5. Element 232 also performs the

i npedance nattelephdms itends&t: h:bcnbphonp alsdddmltéd dighcttee (PITuand, using

ot sl L0 P CRRETa T Lot bt Ao bl R U B2 v PO

gener at ed fnﬂﬁq¢uaumcxmpmgneosiqnalsrarsothsmeampi; akn tmte AT i nput
termnal P10 ﬁpiﬁ:@ép 24f‘Ud'@e%‘%fﬁ§6aﬁi7aﬂl dlels3 %ﬂd‘teﬁr 4orefigr 238.

DTMF di al i ng t ones are recel ved on _the XF_input ternlna
P14 of 8 C 23Figure F& this teprinaliisyprevifed gsthat a feeqbagk e

herei nafter Steup ¢dn BEéStaPEished €o contzolchdid ¢ rhacmi%e mic

m crophone is coli%.dggil\ﬁ Tllgnd T2 |E8ut terméﬁam and P15,
respectivel y)2RR+: 42 \fdepending UPGRa LR ?P?n mc
anplifier 24Zransducew|uséd in thei handisdtas TC in 5 Figure 5; this
termnal is provided as that a feedback | oop-can be established to contro

the gain of the mc anplifier 242 depending upon the type of nicrophone
trans@®cer used irAtteléphonethandset receiver discsievpledfeRctheeceiver is

coupled to theg c’f’éf@éfzfe%ue% €Ui 1h6 "RoFAnaNRoZO ikl P BrilIPY.

respectively) o e receiver output signa |s produced ecei ver

anplifier 244espeerivelylrofE€c?38s | The xege kR (ﬁﬁgQﬂie%s

?er ifier 234rdduced Byer¥ebiver! Bﬁglliinei:thECQtMQih sigr@drwr oduced at
SAN

receives its input from gain-controlled amplifier 234.

15 The volume level of the receiver signal produced at the
receiver terminals ROl and RO2 is determined by the
impedance coupled between the RC and RI terminals (P11l
and P12) of IC 230. '

20 A mute control input terminal P13 designated as MUTE
in Figure 5 receives a digital logic mute control signal
which is conducted to mute circuit 246 in IC 230. A low-
level input to P13 indicates that muting is enabled,
causing mute circuitry 244 to disable the inputs to AGC

25 amplifiers 234 and 236. In this way,'a low=level MUTE
kw; - input prevents signals from being transmitted or

received.

' Gain-controlled amélifier 236 feeds an output driver
30 ~amplifier, the output of'which is interfaced to the
transmit output (TO) terminal P18 via_biﬁblar transistor
'250. As will be shown with reference to Figure 6, the TO
terminal is the output of voice IC 230 that is presented
_to the local 1oop for transmiss1on to the central
35 station.



receiver termnals ROL and R0O2 is determ ned by t he irfpedance coupled -

between the RC and RI termnals (P11 and-P12)-'of I'C 230. 20 A nute
control input term nal P13 designated as MJTE in Figure 5 receives a

di gi.tal logic mute control signal which is conducted to nmute circui w246 in
| C . Alow level input to P13 indi@d4tes that nuting is enabl ed, causing
mute circuitry 244 to disable ahe I nputs to AGC 25 . anplifiers 234 and
236. In this vAgdikienal| detalieTeLi §he operptdon anghdise (9%rthei ng

; ransni g E) Rl mf??ﬁe""’ifgi _mc.ctea_hr Bb:c a\?htaﬁﬁdjd_ ivgrttﬂ_&ffeﬁaa&fce aurs]b-ogt put t
rrver Ler QUL PUL. . O LC | nLer CE! e transm
out put (de’h? e’ﬁgﬁ‘oﬂg c{ﬂﬁe i § ﬁPﬁgP’g?‘c?F&ﬁﬁsgtd@riazfgmﬁ %q_ltqués shown with

ref er ence dewic¢gurehicht ie Imcorperatied heredrodypatefsrenges | C 230 t hat

is pgesented to the local loop for transm ssion to the central 35

stat1 on. -24- Additional details of the operation and use of the Rohm

BA6566 voi ce | ReferEptngbnevnte Righreefer anschematic dingran 9er's .

: spfemﬂcatg_ R]?aéi\réaggtzg?fr%ﬁl ﬁhgegbggph\yﬁech%ﬂ Fidx |o,pr;@gic ed herﬁl-n by
ref erence. ef efring:pow to_Figure a_schemati c di agram of speec -

cirouit 26PBOBRy HRETUALRERBAFSER inegratad, sReeGt GIRFHE 2 BAGS66

i nt egr at ed(desbghatedcast 280psi grPhtcllotal?idpp Bigralcals Ipypridemal is

Pod gur eo® 36,250 Fucifs VhabPpit-| ot prsi Btey Wiln Mdedfeq . 0e”
when the ptergldereak2nandf 3, hvekallckbatnfheniliodalsAnopsigmanal is

pr opagat e ) r asi Sk ar SPR=Talo AtQ n@$% A add g carries 15
“the | ocal d?%%%%'igg%%l fﬁ%mg%ogte‘éﬁﬁﬁtaopg‘%g'eVLsi nput  of q%%&é . _
closing switch 60b. This signal is propagated through

transistors 109 and 110 to node 112. Line 258 carries o/
15 the local loop signal from node 112 to the VL input of IC
230.

Telephone handset 28 includes a receiver 262 and a

microphone 264. Receiver 262 is coupled; as previously

20 noted, to the ROl and RO2 inputs of voice IC 230;
microphone 264 is coupled to the TI1l, TI2, and TC inputs
of IC 230. Diodes 266 and 268 prevent overdriving of
receiver 262, while resistor 270 and capacitor 272 serve
to match the impedance.of receiver 262 to that of

25 receiver amplifiet 244'(see Figure 5). Similarly,
resistors 274 and 276 and capacitors 278 and 279 match
‘the impedance of the microphone 264 to mic amplifier 242
shown in Figure 5. Resistor 280 and capacitér 282
comprise a feedback loop for-mic amplifier 242, allowing

30 the gain of that amp to be determined according to the
type of microphéne 264,

- A capacitor 284 coupied'to ‘the Vcc input of IC 230
i assists voltage regulator 231 in providing a regulated
35 voltage to the various components of IC 230, éven when
the incoming line voltage from line 258 at the VL
terminal occasiondlly drops low. '



230. Tel ephone handset 28 includes a receiver 262 and a microphone 264.
Recei ver 262 is coupled, as ‘previcously 20 noted, to the ROL and RO2

i nputs of voice IC 230; mcrophone 264 is coupled to the TI1, TI2, and TC.
I nput s 1 C 230. Diodes 266 and 268 prevent overdriving of receiver 262,
while (esi stor 270 and capacitor 272 serv@ste match the inpedance of
receiver 262 to that of 25 receiver anplifier 244 (see Figure 5).
Simlarly, resistors 274 and 276 and capacitors 278:and 279 nmatch the

| pedance of the mygr 929%5%% htdd WA 'xfei {:ﬁ?e%"‘hé&rg' “rﬁfl-er

Resi stor 280 and capactitor rlse a for=mc a :
242, al | owi ncapaci orhasgaandoresﬁéftomp &8@ mdjez%q rﬁ%al'aecspd €& the

type of mcrmrm%émina&sca&aqd 2302 P diAdd ¥hd balendEAgi nput .of 1C
230 aSSIStS \Y; ta e gulator 231 in rOV|d|§%:%ﬁ%?qﬁeated 35 vol t age
t

to the Xario { BegesSpary3For. yaicm gl Fhe vol t age
fromline ZS&medancHLofetnenabmewm@ OIH/RING aixrdwit to thadt- ofisthe ]
previously nq%ég é%ég reference to Figure 5, a capacitor 286 and resistors
288 and 290 coupt 8 the CL and RL terminals of I C 230 provi de the

bal anci ng 5 i npedances necessary for voice 1C 230 to match the

| mpedance of the tigsud e eEbR BN iCtiatl & e WortfiFol SheghRe oiecal |

fromFigure 4 that e_control® signa preventing~d] al I ng

t ones hd/ or Preventingndialinghtenesornd/oriinuises e lae%e'aeheérq s

produced frOr@)ﬁhﬁhMEaQEhéuthBed'saE@’céfréﬁQs Bioditéd Cerohothei MOTE i S
conducted from|C 1 coupl ed tothe MJTE 1nﬁgi g% voice IC
m

230 via reS|s?%$P§§3°fC9b§&FFOFC2§§°15 The mube qantrol;ghd
aff.ectl ng thiconhdcted E¥dh IC 150 on line 292 and coupled to the MUTE

e input of voice IC 230 via resistor 293. Capacitor 294

15 prevents AC signals from affecting this input. DTMF
dialing tones generated by dialer IC 150 are conducted on
line 296 through resistor 298 and received at the MF
input to IC 230. Audio-frequency tones generated by
dialer IC 150 are conducted along line 300 and received

20 at the AT input terminal of IC 230. Automatic gain '
control in IC 230 is enabled by coupling the AGC input of
IC 230 to ground via resistor 302.

_ A user-actuated mute control switch 304 allows a
25 user to momentarily prevent voice signals from being
kJ ‘transmitted on the local loop. A first terminal of
switch 304 is coupled to ground. A second terminal of
switch 304 is coupled via resistor 306 to line 258, which
-carries the local loop signal to IC 230. The second
30 terminal is also coupled to ground, via capacitor 308,

"~ and to the base terminal of transistor 310. The emitter
terminal of transistor 310 is coupled, via resistor 312
and variable resistor 314, t6 one terminal of handset
microphone 264. The collector term1na1 of transistor 310

35 is coupled to line 258.



dialing tones generated by dialer IC 150 are conducted on |i.ne 296 through
resistor 298 and received at the M- input to-'C 230. Audio-frequency tones
generat ed by dialer 1C 150 are conducted along |ine 300 and received 20
%Qe AT input terminal of 1C 230. Automatic gain control -in |C 230p
en&Ued by coupling the AGC input of #€ 230 to ground via resistor 302. A
user-actuated mute control switch 304 allows a 25 user to monmentarily

prevent voi ce THAPRISEIY 310 and Yeaishrrscdign ande I astakiishn 3 rst
t erm nal dﬁnmﬁr&hwrlﬂrwm@datﬂraéeuaﬁ efAtmcwideergm 10f swtch

304 is cou dv Si s ol | ocal | oop
si gnal t&® ‘?&# %ﬁﬁ} ‘%%?1‘5 n cropil? m§§§| g&lﬁﬁf%d’ Bﬁ’ﬁround via.
capacit orVI.B(]&neirthput tof vabeetehipnaBoof frhé.ss |ist cefsrredito s tt er
t eram nal S prﬁ%,?a S C Vi qﬁ% gfiable
res?lmstor 2é{to oxflée' t njé o?fﬁéﬁgne !1% é?oe%tg%gygé% e coll ector
t er ni nal nﬁrq%rﬁm%#nmmg microphepepR6d Faru hearydgs/her og.

Transi st o i3 ﬁp%é@iﬁﬁrﬁsﬁlgn&néhﬁéﬂfd@%h%ﬁih‘éﬁ h%vﬁqr&ﬁﬁfy Qip f or
allowing a fraction of the voice &gﬂe‘;egeg ced by h ndset m cr ophone 264

to be ap;ﬁﬂe@d"t o Thee 1gvel Rt thets Hi"ﬁlzé@ mﬁﬂrstar‘kt'r eferred to
as 5 ricd dde micls | gidétondi dﬂmneauSenews@resam tHeattlpegson

speaki ng i m crophone 264 an ear her P CE 262 and
ﬁf?s det ésr‘%‘%ey t%(’ﬁl ?/rtrée' Eon }?Xe%gv&a Ydeﬁfﬁi & %nal S
|rrportantlltm]rzesidztmmslblecmsev\the speakerhé:esrt@all@rtqm talk to 10

il Laue2 %ea“éﬁ”@ﬂ YRELFRLgPTesiglr 204 I He b & s stor

314 can R4S @l%ﬁﬁﬂe‘hotﬁeﬁe@hehﬂ-@?&@n&é %&ala’tatarhn appropri ate
level .  appropriate level. . | | . <
15

Transistor 310 generates the sidetone signal by
producing current from its collector terminal that is
proportional to the signal received at iﬁs emitter
terminal. Current through re51stor 306 from line 258

20 charges capacitor 308, thus llmltlng the voltage
differential between the emitter and base terminals of
transistor 310. This prevents transistor 310 from
turning on too hard, producing an excessivé sidetone
signal.

25 : ) -

When mute switch 304 is depressed, however, the base
terminal of transistor 310 becomes grounded. A much
larger fraction of the signal from microphone 264 is
drawn by transistor 310, greatly attenuating the input to

30 mic amplifier 242 in IC 230. 1In this manner, the user
can mute the transmission from the telephone.

Recall from Figure 5 that an inipeda'nce coupled
between the RC and RI terminals (P11 and P12,
35 respectively) of IC 230 determines the receiver volume.
In accordance with a primary feature of the present
invention, the volume control impedance coupled between



15 Transistor -310 generates the sidetone signal by producing current from
iIts collector termnal that is proportional to the signal received at its
emtter termnal. Current through resistor 306 fromline 258 20 .
chargesxggpaC|tor 308, thus liniting the voltage differential between the
em ttex_And base.terminals of transistoe 23Z0= This prevents transistor 310

fromturning on too -hard, produci ng an excessive sidetone signal. 25 Wen
mut e smntch:ﬁhP|ECd§pﬂéB§e§erMéme &r ist pdsaasedrtn rshape thensi stor 310

becones gr oungcdmerncyle stéﬁﬁér cﬁ&ﬁﬁb’t@ﬂ'i%fti@be o?;' &ﬁ?é FéLa1 ke Ophone 264
attenuating the input_to 30

I's drawn by transistor 310
anplifier 248igmal o3 scbﬁﬂ@ﬁig ﬁ&ﬁﬁ&ﬁm pfe xesaiven Yﬁa%%m?hsmtrol

transm ssion d:rﬁuiheytsb eﬂhoaecoBaaﬁbb wieh onsirembodiwéntnofneRadance
coupleg bet ween -t RC and:E tern1 gpyl and P12, 35 respectlvely)
of | C 230 det™®F¥f™ °?h§sr ikt I accordance with a primry
feature of the present inventlon, the volune control inpedance coupl ed

bet ween -27- .t rgi.n t u—
response characterlséﬁzs o F%ﬁégrg%e?é r&giala%‘&%ggg% % Igngﬁggfency
recei ver vol @iresitr3p genepaily supilnyacm daverting ere‘ﬁ%eaaihsnt of
the 5 ' n\ﬁ{BIPﬁiéf ?Gﬁwﬁme Br2HRS eien‘é' Ulﬁ}ff\ﬁﬁmé Og&ifUWRiéh

recei ver vol control cLrc nerally e s an invertin
oper att@nal - onteellied. ¥ )aaVPHEQP#EnFeﬁQﬂ’ rirgkent ?HeﬁgFlh 10 .
is control led202 arh@ropeamp’ aseat by vbQume! mﬁl) éﬂacuirbeaopian’nhused

by VOl UTe CONding' ESHtL ot opSah®a48 B0 PAraYed il v8fck 18" 3303
As previously shown in Figure 5, the inverting input of
— op-amp 322 is accessible on the P12 terminal of IC 230,
15 and the output of op-amp 322 is accessible on the P11

terminal of IC 230.-

Capacitor 324 and resistor 326 act as a filter to
: roll-off the low frequency response of the receiver
20 output at approximately 100-Hz. Capacitor 328 and
resistor 330 roll-off the high frequency response of the
" receiver output beginning at about 4-kHz.

The parallel combination of potentiometer 320 and

25 resistor 332 is coupled between the inverting input of
X op~amp 322 and resistor 326. When potentiometer 320 is
N
set to a high resistance, on the order to 300-k___.___ or

o, it dominates the input impedance of op-amp 322,
resulting in a minimum gain with a nearly flat frequency
30 response with a slight high-frequency peak. This
residual high-frequency peak is flattened by caphcitcr .
334, which is effective when potentiometer 320 has a high
resistance. When potentiometer 320 is adjusted to have a
. low resistance, capacitor 334 effectively couples the
38 inverting input of op—-amp 322 to ground, and thus has
little effect on volume control circuit 30.



As previously shown.in Figure 5, the invertingdnput of op-anmp 322 is
accessible on the P12 termnal of I1C 230, 15.+- and the output of op-anp
322 is accessible on the P11 termnal of 1C 230.- Capacitor 324 and .
resi-stor 326 act as a filter to roll-off the low frequency response 0} the
recejver 20 out put at approxi mat-el2816€0-Hz. Capacitor 328 and r¥si stor
330-roll-off the high frequency response of the receiver out.put begi nning
at about 4- kHz Withe gantinued xeferencentof Figure: 7onthe retwvankl 25
resistor 33fphrd ARid b o einé Nend NeapaALIEok"BYE Shutite? Hesiztd

resi stor 326. VQFQBQP entiometer 320 is set to a high resistance, on the
order to 386 Rnd RRodjges a S}Hﬁrhﬁﬁ%%q‘ﬂﬁﬁcxnbﬂPsitnﬁ'dmfae%% 322,
resul ti nlg_rieﬁpam_ﬁmia:cwmmi rga(iﬁsh.ka nﬁiétoi-l aBef 'i@mﬁy&@fnc&(tor 3:{898p<l2n_se
wtp a sl Q- T e n eak. IS rgsidual, - requency peak Is -
fIaFtenedhgyecgﬁ%&l[eoreo%ﬁ\% §ﬁ°’r‘§“‘%fﬁ§%'8§+'9g%ﬁr§ﬁg“§§t &% %g:f’rg'tog? 320 has a .
hi gh resi gaimsg. (When potentioneter 3920 saddjusted: &ohmastimumw

resi st anc .o QaRac A5 .?ggg' , L viel s Sounl.es Jieh Ryverting i nput
of op- arrp%?fg'%?%ggéregdn , 'aﬁét ﬁfﬁé hgésg%##ﬁ{ése??e??%%ﬁt}gﬂ%%ont ?ol
circuit 3dominatem the Himpadantrdintecthecinverting: dnput; if @R-work -
DG 1 DS R o cror
a high-freguenc ost, O e frequen res .at' h :

338%nd c&&é&'ﬂf’#‘%ﬁ‘iﬁ sp’?ﬁ;ﬁ/e&!%t?fée%ﬁgﬁtgﬁ‘?_&‘?’\/&l"‘eﬁgi&g’rﬂroI circuit 30
at | ow gafreguenoyn rexpolseond arédbest at] théclowermpotanticiitdmnce),
because tQ%SQQ%a.t ace of potentioneter dom nates the inpedance into the

i nverting input of op- anp 322. Potentioneter 320 preferable has a
| ogarithmc 10 characteristic, since the effect on gain and high-

frequency response if§ FiRALSS 8 Ala I{FapRVEE LRECELGIRHSY response "’
15 of the receiver output with potentiometer 320 set at '
. maximum resistance is shown. This graph corresponds to a
minimum gain from op-amp 322. Notice that high-frequency
roll-off begins at approximately 4—kHz;

20 In Figure 9, a graph of the frequency response of
the receiver output with potentiometer 320 set a minimum
resistance is shown. This graph corresponds to a maximum
gain from op-amp 322. Beginning at around 1-kHz or so
the frequency response slopes upward, reaching a maximum

25 level at approximately 4-kHz. Through a comparison of
the graphs of Figures 8 and 9, it'shouid be apparent that
as the receiver volume control (potentiometer 320) is
turned up, the high—frequency.components of the receiver
signal are boosted slightly. This charecteristic is of

30 particular benefit to persons having the common form of
hearing impairment in which high—fféQuehcy sensitivity is
reduced. |

_ - From the above detailed description of a specific

35 embodiment of. the present invention, it should be evident
that a telephone has been disclased_which incorporates a
number of features that make the telephone particularly

-



rési e®ynces. In Figure 8- a graph of ‘the frequency tesponseel5« sof #he
Feceiver output with potentionet'er 320 set at nmaxi mum resistance i s shown.
This graph corresponds to a mnimum gain fromop-anp 322. Notice that
high-fregyency roll-of f begins at apprexiget-ely 4-kHz. 20 I'n
Figure 9, a graph of the frequency response of the receiver output with

pot ent i onet eveBROsudted fiox rhndividux ke deaving eddghibysigpaptedor r esponds
to a maxinmu g R fr . ey {10 round 1-kHz or so the
frequency r &g%%@g'sﬂggggn%ﬁlﬁ é%%%%%(?hum 25.  level at
approximately 4-kHz. Through a conparison of the graphs of Figures 8 and
9, it should be apparent that as the receiver volune control (potentioneter
320) is turned up, the high-frequency conponents of the receiver signal are
boost &d slightly. This characteristic is of 30 . particul ar benefit to
persons having the conmon form of hearing inpairnment in which '

hi gh-frequency sensitivity is reduced. Fromthe above detail ed description
of a specific 35 -- enbodinment of. the present invention, it should be
evident that a tel ephone has been disclosed which incorporates a nunber of

features that nmake_t | ephQne ti - "« uited for

i ndi vi dual s havi ngnsplgﬁkﬁéﬂ%alﬁ?& 1%#%%“%%5? n&?e'an%?#r’uémt or skills.
5 Inlfarti cutempencialiy-avaidakle deyices skilized in the disclosed
CO”“EVC'a*'V§é%é?h6§B? §@Vishon1d e fftdd tHEt WEFL 688 CmdRb RGO Fers
shoul d be note at various manufacturers market sim{ar deyices which may
be entirel y markes| sindlaxs devicesmwhich ®maxike enkirelycst F%ﬁ%tf%; t he

recitation h@é&iﬂnoaoﬂaﬁﬂbﬁﬁéﬁ'd¥¥ﬂi¥ﬁé'§¥é§éﬁ€'iﬁ&éﬁﬁi&ﬁ; thefor the
pur poses of |Ilgstrit|on. _ . -
. recitation herein of particular devices has been solely

15 for the purposes of illustration.

U



-30- CLAIMS: 1. A tel ephone set, for communicating via a standard | ocal
| oop tel ephone network, conprising: 5 a receiver anplifier; a receiver
converting an electrical receiver signal received fromthe receiver

anpl-.fier into an 10 audi bl e acoustical signal; a receiyer
vokuse control providing adjustnent1ﬁ3QrEagaln and frequency respon
characteggigtﬁgof the receiver anplifier, such that with the 15

vol une c¢ at a first setting, the gain-of ‘the receiver anplifier is at

a mnimm. and the frequency response of the anplifier is substantially

unlforn1t 'rougho di.g.sp . vql une
control H Hglggﬁo%% %t’ ?:oé:r (frgg'gﬂl?jh%a%{&hé I@? gt%ﬁgargcei ver
anplifierlbga&tlaopateﬁsphemndthwdrkynﬂnmgrxsxm@hse of the anplifier is
enpyasi zed at the higher frequencies of the audio spectrum 25 a

visual indicator of incomng.calls; an electronic ringer producing an
audi bl e si gnal 3t 5efediyey FN&&%ﬁi?Qnﬂls t he frequency response of said

ri nger enphasi zing the | ower 30 frequencies of the audio
spectrum and an |Ilgmnatedv dlm rgkéﬁy ad., 2. A I|ne power ed
t el ephone set, &f 6FCE Nﬁﬁnﬁaﬁ:Q€} e ect hEeSe %8R SE98BLt el ephone

net wor k, conpr|S|ngreeedsed:t&mmamue1reﬂeiiewrdmplifier into an
10 _ audlhle acoustical signal;

a receiver"volume control providing adjﬁstment of
the gaiﬁland frequency résponse characteristic
"of the receiver amplifier, such that with the ;J
15 volume control at a first setting, the gain of
the receiver amplifier is at a minimum, and the
frequency response of the amplifier is
substantially uniform throughout the audio
_ spectrum, and such that with the volume control
20 ' at a second setting, the gain of the receiver
amplifier is at a maximum, and the frequency
response of the amplifier is emphasized at the
higher frequencies of the audio spectrum;

25 a visual indicator of incoming calls;

an electronic ringer producing an audible signal to
herald incoming calls, the frequency response
of said ringer emphasizing the lower
30 frequencies of the audio spectrum; and

an illuminated, large-key dialing keypad.

2. A"line-pbwered telephone set, for communicating via
35 a standard local loop telephone network, comprising:

a receiver amplifier;

- i AR
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-31- a receiver converting an electrical receiver .signal received fromthe
receiver anplifier into an audi ble acoustical signal; 5 a receiver
vol ume control providing adjustnment of the gain and frequency response
characteyi;stic of the receiver anplifier, such that with the volunme contro
at a firE{'setting, the gain of the recei3%r=anplifier is at a mininmm and

the 10 . freguenc resgg se of the amplifier is substantially -
uni f or m t hr oughout? t¥Re B. SPRYE J.AR edestrigsalynareiwer, stigral
control at 3 Sﬁcopd setredgivédefgonnthé rbeeitvedi Wiipldfidy ifrito samt a
maxi rum and the frequep .response of the anplifier is
enphasi zed at the hi ghe?"a*é.‘gﬁe%%?'égtéi?a}hslgaﬁﬁd spectrum a visual

i ndi cator of incomng calls; 20 an el ectronic ringer producing an
audi bl ¢ signal to | dsd ] { a Jhe u@g %?ﬂg{ﬁgh'f sai d
ringer. %errphasi zZi ngg]f%%é%%&?%%%n%{gégré? P%(r‘a’ audi ?/sa}r:) ctrum és)a?%.

el ectronic ringer havirkhe gainasandyfrequency response chanaghemistiol une

level settings; an illugg ngh&dres@iderkarplitiier] cathr®hat)dith the
| i ne-powered nenory dialing circuit providi storage for

a plurality of dialing ce]ntrq GFaPi%gr%%r§ﬁﬁﬁiﬂ§ﬂmﬁﬂﬁ\ﬂ?#Q) al i ng
keypad i nputs to store thélrégetearcanpiirided ie at! avelinimin el alte
|ssuelkpe stored dlallqgrééggggﬁegésponse of the amplifier is
substantially uniform throughout the audio
spectrum, and such that with the volume control
at a second setting, the gain of the receiver
- amplifier is at a maximum, and the frequency
15 response of the amplifier is emphasized at the
higher frequencies of the audio spectrum;

a visual indicator of incoming calls;

20 an electronic ringer'producing an audible signal to
herald incoming calls, the frequency response
of said ringer emphasizing the lower
frequencies of the audio spectrum, said
electronic ringer having a plurality of

25 selectable volume level settings;

an illuminated, large-~key dialing keypad; and

a line-powered memory dialing ecircuit providing
30 . storage for a plurality of dialing sequences,

the didling circuit responsive to dialing
keypad inputs to store dialing sequences, and
"selectively retrieve and issue the stored
dialing sequences.
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